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LETTER OF TRANSMITTAL. 
STATE Gj LOGICAL SURVEY) 
U:t-..LVERSI'l'Y OF ILLINOIS) 
URBANA, December 1, 1909. 
Gove.-rn?r C. B. Deneen) Chai1·ma.n) and 1J1embers of the Geological Oom,-
mwswn: 
GENTLEMEN-I submit herewith a report on the Mississippi Valley 
between Savanna and Davenport by J. Ernest Carman, and recommend 
that it be published as Bulletin 13, of the Survey. This was planned 
by Doctor Bain as an addition to our "Eductional Bulletins," and was 
prepared under the direction of Professor R. D. Salisbury, Consulting 
Geologist of the Survey. Since the area is traversed by the Mississippi 
so as to include nearly equal parts of Illinois and Iowa, the field study 
was carried on in cooperation with Professor Calvin; State Geologist 
of Iowa. 
The large population of this di trict is due to the advantages of loca-
tion on the river and to the fertility of adjoining farm lands. It may 
be assumed, therefore, that intelligent citizens as well as students in the 
schools will be glad to gain a better understanding of their natural 
environment. This indeed is the purpose of the "Educational Bulle-
tin ." This region is situated in the path of three distinct glacial in-
vasions, and, therefore, has a wealth of interesting phenomena deserv-
ing interpretation. The drainage changes of the Mississippi river, due 
to ice invasions, is especially interesting. 
The Survey is greatly indebted to Professor Salisbury and to Mr. 
Carman for the attractiveness of this bulletin. Special acknowledgment 
should be made to Professor Calvin for advice in the work, and for the 
use of the illustrations on Plates 1, 2, 8 and 16. Thanks is similarly 
due to the publishers of Chamberlin and Salisbury's Geology for the 
use of Figures 7, 8 and 10. The United States Geological Survey fur-
nished the topographic base for Plates 1 and 2, and the illustrations 
for Plate 7 and Figures 12 and 14. Thanks is due to Mr. A. 0. Trow-
bridge for tak_ing many of the photographs, and to Professor J . A. 
U dden for the use of unpublished :field notes. · 
Very respectfully, . 
FRANK W. DEWOLF, 
Acting Directo1·. 
THE MISSISSIPPI VALLEY . 
BETWEEN SAVANNA .AND DAVENPORT. ; 
CHAPT·ER I.-INTRODUCTION. 
AREA COVERED. 
The area discusse_d in this buJletin is partly in lllinois, and partlylin 
Iowa. It lies along the :Mississippi river from Savanna -on the north~ 
to the mouth of Rock, river on the south, adista.nce of about sixty miles: 
FIG. 1. Outline map of a part of eastern Iowa and western Illinois, showing 
relation of the region considered in this Bulletin to the states and counties and io 
the toppgraphic sheets of the U. S. Geological Survey. The region here consid-
ered is surrounded by the broken line. 
It includes parts of Carroll, Whiteside, Rock Island and Henry coun-
ties in Illinois, and parts of Jackson, Clinton and Scott counties in 
Iowa. The relation of the region studied to the states and counties, 
/ 
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and to the topographic sheets of the U. S. Geological Survey is B~own 
in Figure 1. As will be seen from the figure, most of the region is in-
cluded within the area covered by the Cordova map of the U. S. Geo-
logical Survey.! The region here considered extends northward into 
the Savanna quadrangle, includes the southeast corner of the Rock 
Island quadrangle, and extends southwa.rd to a point just below the 
mouth of Rock river. The area studied, however, can hardly be said 
to have hard and fast boundaries. I 
The stronger physiographic features of the region are centered along 
the Mississippi valley, and the work done in the preparation of this 
bulletin was extended back from the main river, only far enough to 
cover the lower courses of the larger tributaries. 
PURPOSE OF THIS BULLETIN. 
It is the main purpose of this bulletin to set forth in simple terms 
the development of the existing topography; and the field work done in 
the preparation of this report had this purpose in mind. The geology 
of the region is discussed only in so far as it helps -to explain the present 
surface. More detailed discussion of the rock strata may be found in 
the Iowa and Illinois report , and in various independent papers. Con-
siderable work has been done in this region by various surveys and in-
dividuals. The Iowa county reports deal with the Iowa side.2 Meagre 
notes on the Illinois counties are found in the old Illinois Survey re-
ports.3 In Monograph XXXVIII of the U. S. Geological Survey, 1\{r. 
Frank Leverett treats the region as a part Of the much larger area con-
sidered in his report. In the work done· in the preparation of this 
bulletin, existing maps and reports were used, and the field work was 
in some measure a verification of form(er C(}nclusions; but it was also 
a search for new data along particular lines. In the preparation of this 
report existing publications have been freely drawn upon. -
GENERAL CHARACTERISTICS OF THE REGION. 
Topogra.phic.-The i·egion is an upland plain, diversified by a few 
large valleys with wide flats, and by many small valleys with narrow 
flats, or with none. The upland has a. somewhat uneven surface at an 
elevation of 700 to 900 feet above the sea. The most pronounced topo-
graphic feature of the region is the great Mississippi valley, which ex-
tends in a general north-south direction across the area, 10'0 to 200 
feet deep, and for most of its course 3 to 6 miles wide. Tributary to 
it are other great valleys such as that of the Wapsipinicon river fro.m 
1 The topographic maps of the U. S. Geological Survey are called sheets or 
quadrangles .• a quadrangle being the rc;cfangular area mapped on one topographic 
sheet. The topographic maps are sold by the U. S. Geological Survey at 5 cents 
a copy. Correspondence should be addressed to, uThe Directo1·,'' U. S. Geological 
Survey, Washington, D. C. 
2 Iowa Geological Survey Reports: Jackson County Savage; Vol. XVI, 1905, 
pp. 563-648. Clinton County, Udden; Vol. XV, 1904, pp. 371-431. Scott County, 
Norton; Vol. IX, 1898, pp. 391-519. 
3 Geological Survey of Illinois, Vol. V, 1873: Carroll County. Chap. IV, pp. 75-
81. Whiteside County, Chap. IX, pp. 140-166. Rock Island County, Chap. XIII, 
pp. 217-234. Henry County, Chap. XI, pp. 185-201. 
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the west, and that of Rock river from the_ east, together with several 
other valleys not now occupied by streams. Besides these larger valleys, 
llljany smaller ones join the Mississippi from either side. The most im-
portant of these from the east are the valleys of Plum river and John-
son, Otter and Spring creeks, and from the west those of Elk river and 
Mill, Spencer and Duck creeks.. Still smaller valleys and ravines join 
these larger ones, but their relations to one another and to the larger 
valleys, show 'that the Mississippi river has been the controlling factor 
in the development of the topography of the region. 
The larger valleys completely surround certain upland areas. East 
of the Mississippi river, southeast of Clinton, a. highland area is ~ur­
rounded by the Mississippi valley and the Meredosia and Cattail chan-
nels (Pl. I.) This upland area is triangular in shape, each side being 
about 10 miles long. ·rt will be referred to as the Ga.rden Plain upland. 
East of the narrow part of the Mississippi valley, between Cordova 
and Hampton (known as the -Na.rrows), is another upland area. sur-
rounded by valleys. It is bounded on the north by the 0 ordova Fla.ts~ 
and on the east and south by the Rock River valley and Pleasant valley~ 
an a-bandoned water course leading west from Rock river at Barstow, 
past East Moline, to the Mississippi (Pl. I.) This upland will be called 
the Ooe upland from the township which includes most of the area. 
Topogra.phically, the Coe upland belongs with the upland of Scott 
county, Iowa, of which it appears to be an eastward extension, cut o1f 
by the narrow valley of the Mississippi. t 
The sm!all upland area lying south of Moline and Rock Island, and 
completely surrounded by the valleys of the Mississippi and Rock rivers, 
and Pleasant valley, will be referred to, as the II! aline upland. The 
lesser island-like elevations at Fulton, Clinton~ Albany and Cordova, 
may bear .the names of those places. 
The larger valleys are as a rule about 200 feet below the adjacent 
:uplands. The highest elevation o·f the region is near its northern 
boundary, and is more than 960 feet above the sea. The Mississippi 
river below Leclair is less than 500 feet above the sea.. This gives a 
maximum relief of more than 460 feet. 
Geologic.-The upland of the region is very generally covered with 
a fine grained yellow loam, known to geologists as loess. Below the 
FIG. 2. Generalized cross-section of the Mississippi valley in the northern part 
<>f this region, showing the general rela.tions of the bed-rock e, f, and g, and the 
superficial deposits a, b' c, and d ,· a-loess, b-glacial drift, c-talus, slope wash, 
etc., d-valley filling of sand and gravel; e-Niagara limestone, /-Maquoketa 
shale. and g-Galena-Trenton limestone. 
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loess there is, over much of the region, a variable thickness of yellowish 
or bluish clay, with which are mixed variable quantities of sand, gravel, . 
and bowlders. This is known as drift. In the valleys the surface 
material is sandy or loarrey, and is often underlain by thick deposits of 
sand and gravel. I 
Beneath these loose ( supetrficial) deposits is the bed-rock, which con-
sists of layers of different kinds of rock, the beds of which are in a 
nearly horizontal position. Exposures of rock (outcrops)· are frequent 
alo:q.g the bluffs o·f the _great valleys, and in the slopes of some of the 
smaller ·ones. The general relations of the bed-rock and. the superficial 
deposits are shown in Fig. 2, which is a. generalized section across the 
Mississippi valley. 
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CHAPTER 11. 
T'HE BED-ROCK FORMATIONS. 
GENERAL STATEMENT. 
ORIGIN OF BED-ROCK. 
It has been state<l that the rock strata underlying this region are-
made up of different kinds of rock. These rocks include limestones,. 
shales ·and sandstones. I...~imestone appears at the surface over a greater 
area than the other kinds of rock, and shale appears. at the surface more 
-commonly ·than sandstone, which is seen in a few places only. If we 
study the rocks, we find ( 1) that the sandstone is made up of grains of 
:sand cemented. together by a mineral cement; (2) that the shale is made 
up of particles of mud similarly cemented; and ( 3) that the limestone 
is made up of calcareous materials, such as shells, corals and limey oozes, 
:made by the grinding and breaking of shells, corals, etc. The original 
,deposits from which the rocks were formed were, therefore, sands, mruds, 
.and calcareot~s material. These are just the sorts of material that are 
now being deposited in the shallow waters about the borders of lakes 
.and oceans. From these facts we infer that this area was once beneath 
water, and that sediments from neighboring lands ·were laid down over 
it in standing water. Cementation by mineral rriatter which was once 
in solution in water, bound the particles of sedi;nent together, making 
the present bed-rock. Such bed-rocks formled by deposition and cementa-
tion of sediments, are known· as sedirrien.ta.ry roclcs. 
Certain layers of rock may often be traced for considerable distance 
:along the face of a bluff, and like layers app~ar at about~the same eleva-
i:ion on opposite sides of the Mississippi valley. Well borings show that 
i:he formations exposed in the bluffs. extend back under the upland in an 
€Ssentially horizontal position. This great extent of layers horizontally 
indicates uniformity of conditions of sedimentation over .. large areas-
while the beds were being deposited. 
The layers of rocks sometimes contain shells or impressions of shells, 
called fossils. Since the fossils found in the rock formation of this 
region are the remains of sea animals, they show that the sedim~nts 
were deposited in the sea. The sea which overspread this region was 
probably shallow. · 
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THE GEOLOGIC COLUMN. 
The geologic column is the name given to the fulr succession of rock 
formations) wherever found. · The complete geologic column is not 
· found in any. one region. 
The several formations of rock which appear at the surface within 
this region belong to a few of the systems of this column. In the fol-
lowing table the geologic column is given) the oldest system being at the 
bottomj. 'The names of the systems represented at the surface in this 
region) are in italic. 
GROUP. SYSTEM. 
Cenozoic .. · ......................... :_ { ~~:~e:x.~ary 
( Cretaceous 
1 Comanchean (Lower Cretaceous) 
Mesozoic . . . . . . . . . . . . . . . . . . . . . . . . . . . . l ;~r:::;~ 
( Permian -
Pennsylvanian 
Mississippian (Sub-Carboniferous) 
Paleozoic . . . . . . . . . . . . . . . . . . . . . . . . . . . Devonian 
Silurian 
Ordovician 
l Cambrian 
( Keweenawan 
1 Animikean 
Proterozoic ......................... ~ r Upper 
1 Huronian .1 
L L Lower 
Archeozoic.......................... Archean 
DESCRIPTION OF THE BED-ROCK FORMATIONS. 
The thickness of the sedimentary formations exposed and pene-
trated by wells in thi.s region) is about 1)500 feet. This great thickness 
of sedimentary rocks Ehows that the conditions of sedimentation must 
have existed for a long time over this region. Moreover the series is 
not a continuous one. There were long intervals when the region did 
not receive sediments) but when those which had been deposited were 
being removed by erosion. 
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The following table, compiled from the county reports of the Iowa 
Geological Survey, shows the general relations of the rocks exposed 1n 
this region : 
I 
: ." · .. Series. 
'.. ~ { I 
Stage. Sub-Stage. 
Recent. Alluvial. .. ... 
--------
Wisconsin. '· ' (Valley filling) 
Cenozoic. 
1 
Quaternary. Iowan. 
I Pleistocene. Illinoian. 
I 
Kansan. .. 
Pre-Kansan? 
I 
Pennsylva- I Des Moine~:~. nian. 
Dielasma beds. 
Cedar Valley. Spirifer Parryan us 
~ beds. 
Devonian. Middle Devonian. Upper Davenport. 
Lower Davenport'. 
Wapsipinicon. 
Paleozoic. Independence. 
Otis. 
Anamosa 
Gower. (and) 
Middle Silurian. Leclaire. Silurian. (Niagran.) I Hopkinton. (Delaware.) 
' 
Ordovician. Up8~r t;)rdo-yician.l Maquoketa ( IDCIDnatlan.) " 
THE CAMBRIAN SYSTEM:. 
No rocks of the Cambrian system appear at the .surface within tbis 
region, but they have been penetrated by deep wells. They consist 
largely of sandstone; but thick beds of limestone, some shale, and various 
gradations between these so-rts of rock occur. The divisions and nature 
of the material may be seen from the table of artesian well records. 
No wells have reached the bottom of the Cambrian system, but it has 
been penetrated more than GOO feet. The sandstones of this system yield 
.most of the water for the artesian wells of this region. 
THE ORDOVICIAN SYSTEl\L 
Unexposed Formations Penetrated by Wells.-The la.rger part ·of the 
Ordovician system does not appear at the surface, and is known only 
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Table of artesian well records showing thickness of 
rn 
~ (') Sabula 
? FORMATION. town C.&N. I well . 1 W.Ry. 
well,1 
Maquoketa shale . . . . .' .... .. ... . . ... .... ...... .... 295 
0 ----
'"i Galena-Trenton limestone ... . . . . ..... 212 275 0. 
0 
< ----c;· 
s:;· St. Peter's sandstone .. .. ... ... .... .... 75 60 
? 
---- ----
Oneota limestone, (lower magnesian) 325 380 
---- ----
, 
() ' . 
Ill 
3 
Sf 
s:;· 
::' 
Jordan sandstone . 
St. Lawrence limestone. 
Basal sandstones and shales . 
I 
I 
1 Norton, Iowa Geol. Surv ., Vol. VI, pp. 245 and 261. 
'2 Udden , Iowa Geol. Surv., Vol. XV, p. 384 . 
sUdden, U.S. Geol. Snrv. , 17th Am. Rept., pp . SU-845 . 
CLINTON. 
I 
Dewitt First water-
park welV works we11.1 
1603 180 
(303 325 
40 100 
300 
Limestone 
and Sandstone 
sandstone 125 800 
Limestone 
250 
Basal 
sandstone 
300 
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·formation~ penetrated below the Silurian sy!3tem, 
Davenport Rock Island, Moline East Moline E. Moline Milan Glucose works Mitchell and Prospect park Improvement town well. 3 Waterworks well. 3 _Lynde bldg.3 well. 3 Co.3 
well 1902. 2 
22i • 225 182 235 265 215 
318 . 334 443 330 300 325 
' 156 72 H5 120t 220 195 
308 
Sandstone 
25 
Limestone 
Limestone 788 
155 Limestone I • Sll 
Shale Shale 
93 40 
-. Sandstone -
Sandstone Sandy 30 
252 limestone 
20 Limestone 
Shale 35 
55 Sandy rock 
160 
Sandstone 
Shale 130 
51 
Sandy lime-
stone and 
shale 
75 
Sandstone l 97 
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from well records. In a'scending order, the unexposed formations known 
_ by borings are Oneot{])} ( Lortver },;[ a.gnesiarn)} limestone} St. PeteTs sand-
stone} and Galen.a.-Trenton li.rnestone} all of which lie below the Maquo-
keta shale. The limestone formations are each about 300 feet thick, and 
are separated~ by ·about 100 feet of shale ~nd sandston,e (See table). 
The St. Peters sandstone is a water bearing formation of considerable · 
importance, but seconda.ry to the Cambrian sandstones. -
Th.e E'.J!posed Fo(rma.t,ionr-(The Maquoketa hale.) 
. The lowest a.q,d therefore the oldest formation ~xposeJ at the surface 
is the Maquoketa shah~, the highest member of the Ordovician system.~ 
(p. 7). . 
rrhe general distribution of the Maquoketa shale and the other forma-
tion 'described in this chapter is shown on the geologic maps of Iowa and 
.illinois. 1he county 'reports of the lowa Geological Survey (~ee foot-
note. p. 2) include geologic maps of the several counties; and "A Pro-
lisional Geologic ntlap of Illinois," was published as Bulletin No. 6, 
of the Illinois State Geological Surv_ey. 1 
Extent and Ou.tcrops.-rl'he Maquoketa shale comes to the surface in 
the base of the Mississ.ippi bluffs on the Iowa side of the river, just 
north of Lyons, and from there continues northward beyon~l the area 
under consideration. It extends almost a mile up the creek valley in 
Sec. 18, Spring Valley township, Clinton county, and several miles up 
Elk River valley. North of Lyons the upper surface of the shale is 
40 to 50 feet above the river, and at an elevation of about 620 feet above 
the sea. 
On the Illinois side of the river the shale is first seen in the point of 
the bluff just to the north of Johnson creek. It extends 40 to 50 feet 
aqove the road, up· to an elevation of about 675 feet. The outcrop 
continues northward along the lower part of the bluff to Sec. 32, Mt. 
Carroll township. From this point to Plum river, the shale was not 
seen, but it appeari again in the bluffs north of Plum river, and at 
Savanna. . 
In the northeast part of York township and the southern part of Mt. 
Carroll township, Carroll county, Illinois, in the region around Argo 
and southeast of Hickory Grove, the ~l[aquoketa shale is the uppermost 
bed-rock, although in the Mississippi valley bluffs to the west, limestone; 
comes well down toward the base of the bluff and is the onlv rock ex-
posed. These upland exposures occur at various elevations ~1p to 750 
to 775 feet. · 
North of Clinton the broad valley of the Mississippi is probably un-
derlain by this formation; or if the ehale has all been cut away, the 
thick alluvial deposit of the valley rests upon the Galena-Trenton lime-
stone. • 
8tr1~.cture.-On the Iowa side of the· river, the top of the shale has a 
nearly constant elevation from Lyons north to Jackson county. West 
o·f Sabula, the bluff cuts across a low east-west anticline (Fig. 3), and 
the upper contact o.f the shale has an elevation of 80 to 90 feet above 
the river. It dips in either direction and soon has its usual elevation 
1 Recently the question has been raised whether this formation should not be 
made the base of the Silurian system, rather than the top of the Ordovician. 
FtG. 3. Generalized section . through the region from north to south, showing the . southward dip of the for)na tions, the anticline at 
Savanna, ana the succession of surface outcrops. a-drift, b-valley filling of sand and gravel, c-Ooal Measures, d-Devoni.an lime-
stone, e-Niagara limestone, and /-Maquoketa shale. 
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of '-10 to 50 feet above the river. At Savanna the surface of the shale 
on the anticline in the Illinois bluff is m\ore than 100 feet above the 
river, whi!e two miles farther north it has declined to within 25 feet 
of the river. · 
Along the river bluff between Lyons and Elk river, the contact of the 
shale and overlying limestone was seen in several places. The contact 
is sharp .and apparently horizontal. Just north of Lyons the contact 
dips (declines) to the south, and at Clinton is more than 100 feet be- · 
low the level of the river. 
Character of the Rock.-On the weathered surface, the Maquoketa 
shale has a light blue color, and on steep slopes where it has slumped 
down and been slightly reworked, it usually appears as a sticky, light 
blue clay. Fresh exposures are rare, and found only in recent exca-
vations. In the nol'thwest corner of Sec. 27, Mt. Carroll township, 
tile C. B. & Q. Ry. has made an 80 to 100 foot cut through a divide, 
affording an excellent exposure of this formation. As seen in the cut, 
the shale is dark blue, thinly bedded, and interstrati:fied ith thin layers 
of compact blue-gray limestone. The limestone layers are two to three 
inches thick, and the shale layers 12 to 24 inches. · The limestone 
layers are released by the weathering away of the shale, and break 
up into thin slabs which fall down and strew the surface below. At the 
top of the cut, the limestone becomes more abundant, and the forma-
tion passes into a slabby, impure, yellowish lime tone, which has many 
fossils. In the exposures along the river bluffs, the limestone layers 
and capping were .not found, the for~ation consisting more uniformly 
of shale. 
Thiclcness.-The thickness of this formation cannot be determined 
from its surface exposureEl within the region, but artesian wells show 
for it a thickness ranging from 150 to 300 feet. The Clinton wells 
show a considerable vartation of thickness of the ·formation although 
they are all within a distance of a half mile. The difference is perhaps 
due to the interpreting of different layers as the top and bottom of the 
formation. There may also be differences in thickness, due to an ir-
regular base upon which the formation rests, or to an irregular upper 
surface. The former is more probable than the latter. 
Fossils.-Fossils are plentiful in the Maquoketa shale in York and 
Mt. Carron townships of Carroll county, Illinois, especially in the 
slabby limestone at the top of the formation. The best · locality for 
fossils is the "Big Cut" section in the northwest corner of Sec. -27.: Mt. 
Carroll township. The weathered surface of the limestone blocks are 
often COID(Pletely covered with fossil shells, but it is difficult to detach 
them. The best specimens are found loose on the slopes, having weath-
ered out of the stone. The most characterjstic fossils of this horizon 
. · Rre brachiopods and bryozoans. The fossil fauna; (all the fossils taken 
together) is the typical Richmond fauna, of the U'Pper Ordovician as 
commonly classified. 
Springs.-Springs are frequent along the bluffs of the northern part 
of the region. They issue from the rock at or just above the contact 
of the Maquoketa shale and the Niagara limestone; but as this contact 
is usually concealed by the talus (See Fig. 2), the water often percolates 
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downward through the loose deposit and does not reach the surface. 
Where the talus is absent, springs are much more numerous. They ap-
pear well above the base of the bluff, and are useful as a source of water 
supply. 
The principles illustrated here are the general ones for springs. The 
Niagara a,nd overlying deposits are pervious, and allow the water to 
percolate through them. -But its downward course is stopp€d by the 
relatively impervious Maquoketa shale, ( e Fig. 4), and it then moves hor-
izontally along the contact until it finds a point of issue in the valley 
wall, as at s. 
. T~E SILURIAN SYSTEM-THE NIAGARA LIMESTONE. 
General Ohm·acteristics and Thickness.-The Niagara formation is 
a yellow-to-gray magnesian limestone. Its surface weathers into pockets 
and cavities, and the rock as a whole is rather porous. The beds range 
· from thin layers in some p9rtions nf the formation_, to those 8 to 10 
feet in thickness in others. A complete section of the Niagara occurs 
FIG. 4. Diagram to show the origin of springs issuing from the valley sides. 
a-drift, loess, etc., and b-Niagara limestone, botb of which are relatively pervi-
ous; a-Maquoketa shale, which is relatively impervious. The arrows show the 
direction of flow of percolating water. The spring issues at s. 
within the region, the base overlying the Maquoketa. shale at the north, 
and the top passing under the Devonian limestone at the south. Out-
crops of the Niagara, however, are by no means continuous, and a 
measurement of its thickness fro.m surface exposures. is im-
possible. At Clinton, the wells pass through 120 to 180 feet , 
feet of limestone before reaching the shale, but the upper part of the 
formation has been eroded away at this place. Professor U dden, after 
a study of the artesian well records of Davenport, Rock Island and 
Moline, where the formation does not appear at the surface, gives the 
aw~rage thickness as 340 feet.1 
Extent and Outcrops.-The Niagara lim~stone has, by far, the largest 
extent at the· surface, of any of the ro-ck formations of this region. The 
southern border of the Niagara area on the Iowa side, passes in a gen-
eral east-southeast direction across the south ceJl_tral part of Scott 
county, reaching the river in the region of Pigeon creek, south -o.f 
Pleasant valley. On the Illinois side, the boundary continues in a gen-
eral easterly direction from Watertown, crossing the Rock river near 
1 Udden. U. S. Geol. Surv., Seventeenth Ann. Rept., Pt. II, p. 834. 
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Joslyn. North of this line the Niagara is the uppermost rock below the 
. drift of the upland, except for a number of isolated patches of younger 
roek, and the areas of Maquoketa shale, previously noted. It· extends off 
to the north, east and west, beyond the limits of this region. 
The formation outcrops in the bluffs of the river from the north end 
of the region to the villages of Pleasant Valley and Watertown. North 
of Lyons, the bluffs rise 100 to 150 feet above the river, and usually 
expose a wall of 50 to 75 feet of Niagara limestone above a talus cov-
ered slope which conceals the Maquoketa shale at the base (Fig. 2). 
Similar exposures are found in the bluffs of the Illinois side between 
Otter creek and a point west of Hickory grove, and again north of 
Savanna, where cliffs expose 100 to 125 feet of limestone in an almost 
vertical wall (Pl. 3, A.) Other good exposures are found in the quar-
ries along Bluff street in the west part o..E Clinton, along the west and 
north sides of the Fulton hill, at Albany, along the south bluff of the 
Wapsipinicon valley, at the northeast corner of the Coe upland over-
looking the Meredosia bottoms, in the Narrows between Princeton and 
Watertown, in the quarries at Leclaire and Port Byron, in the ·lower 
course of Spencer creek, and at many other places throughout the region. r 
Divisions of the Fo,rma.tion.-The Iowa geologists recognize two di-
visions of the Niagara formation, the Hopkinton below and the Gowe1· 
above (p. 7). The Hopkington is a yellow, porous, magnesian lime-
stone, containing numerous nodular masses and thin bands of chert in 
its lower part. The bedding is . usually massive, and layers 4 to 6 feet 
thick often occur. It is this division that outcrops at Albany, Clinton 
and farther north. Its thick massive beds have been an important 
feature in the development of the high bluffs north of Lyons and Fulton 
(Pl. 3, A.) ( 
In the Hopkinton beds there are a few characteristic fossils. North 
of Savanna in the layers making up the base of the scenic feature known 
as the "Twin Sisters," a very characteristic shell · is so abun~ant as to 
make up a considerable part of the rock. The shell is oblong, pointed 
at one end, and compressed in one direction. It is known as Penta.-
merus oblongus, and the beds in which it occurs have been called the 
Pentamerus beds. Other characteristic fossils of this locality are a 
honey-comb coral, Fa-vo'Sit~ Niaga.rensis, a chain coral, Halysites ca.te.nu-
lata, and a cup coral. These fossils and others may be found at anum-
ber of other localities, as in the west part of Clinton and at Albany, 
but in general the formation does not contain many fossils. 
rrhe Gower limestone occurs at the surface in the southern part of 
the Niagara area. It also is a magnesian limestone, less porous than the 
Hopkinton, and of a blue-gray color. The Gower has two quite distinct 
phases. One of these, the Anamosa limes ton~ occurs in horizontal or 
slightly undulating layers 8 to 12 inches thick. It is compact and 
makes an excellent building stone. It is well shown in the stone quar-
. ries north of the village ·of Leclaire. The other pha§e is the L eclai1·e 
limestone, which occurs in great masses.without distinct bedding, or as 
inclined layers (Pl. 3, B.) The 'dip of the beds may vary from 10° 
to 20° or even more, and the direction of dip often changes greatly 
wi.thin a s11ort distance. It is an exce1lent rock for the mqnufactm·e 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 3. 
A. Bluffs of the Mississippi, one mile north of Savanna, Illinois. The rock 
forming the cliff is the Niagara limestone. 
B. Leclaire limestone showing oblique bedding. Exposed in the river bank 
a half mile south of Leclaire, Iowa. (Norton, Iowa Geol. Surv.) 
CARMAN.] ROCK FORMATIONS. 15 
of lime, and is used for that purpo::e at Port Byron. Abandoned kilns 
are also seen at Leclaire and Princeton. Exposures of the Leclaire 
limestone are commDn in the Narrows from Princeton south, and in 
many of the creek valleys of the neighboring uplands: 
Effe'Ct Upon Topography.-The Niagara is the great cliff-forming 
formation of this region. The thick massive beds of its lower part 
stand as bold cliffs in the bluffs of the northern part of the region 
(Pl. 3, A.), and wherever a swift stream is cutting into this formation 
a gorge is formed, as at the mouth of Spencer creek. North of Savanna 
the weathering of the limestone has produced chimney rocks and towers, 
some · of w'hich have been given individual names as "Twin Sisters," 
"Indian Head," and "Open Bible," (Pls. 7, B and 8). 
THE DE,VONIAN SYSTE L 
The Devulllan limestone is the uppermost rock about Davenport, and 
on the Illinois side it underlies Pleasant valley a.n,d Rock River valley 
below Joslyn. Around the base of the Moline upland and at the base 
of the south bluff of Rock River valley it passes beneath a later forma..: 
tion found in the uplands. Exposures are frequent along the banks of 
the Mississippi river, from Crow creek southward. The formation is 
also seen at frequent intervals along Rock riyer, in the. lower courses of 
Duck and Crow creeks, and in the low cliff around Rock Island. It 
underlies, at a depth of a few feet, much of the bench between the bluff 
road and the river from Davenport to Crow creek, and is exposed in a 
number of the streams which flow across the flat, and in the quarries 
around Bettendorf. 
The series is made up of several formations, each of· which has its 
own distinguishing characteristics. The four lower divisions are grouped· 
together. as the Wa,psip·inicon stage (p. 7). They are, in general~ 
fine grained, compact, gray lim~estones. The rocks outcropping at 
Bettendorf, in the lower course of Duck creek, and at Cady quarry in 
the east part of Moline, belong to this stage. The rock is extensiyely 
quarried for building and crushed stone both along the bluff east of 
Davenport and at Bettendorf. The strata dip slightly to the southwest, · 
and at Davenport pass under those of the next higher or Cedar va.lley 
stage. This dhjsion consists of gray, thin-to-medium bedded limestone 
and calcareous shale. It is exposed in the quarries in the southwest 
part of Davenport, and in the gullies of Buffalo township farther west. 
The strata of this stage have many fossils which may be collected readily 
in the g11llies and quarries of Buffalo township.1 
THE PENNSYLVANIAN SYSTEl\f-THE COAL MEASURES . 
. Extent and- Outcrops.-The Coal Measures strata are the youngest of 
the bed-rocks of the region, and are therefore the uppermost bed-rock 
formation wherever they exist. This region lies at the northern margin 
of the gTeat Coal Measures of Illinois, and most of the outcrops with 
whicb we are concerned belong to isolated patches wh_ich lie north of 
1 Norton. Iowa Geol. Surv., Vol. IX, pp. 440-456. 
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The outlier of Coal Measu~·es strata underlying the upland south of 
Rapid City formerly furnished considerable coal, but the supply has 
been largely e.;ffiausted, and little is now produced. Abandoned dumps 
and shafts show something of the former activity. Mining on a small 
scale has been carried on in Buffalo township, Scott county, and at 
several other places in the south part of the region. 
Contact with Olde1· BedS'.-The base upon which the Coal Measures 
rests is very irregular. It consists of Devonian limestone at the south, 
while to the north the Coal Measures rests on the Niagara limestone 
(Fig. 3). Many of the outliers of the Coal Measures lie in depressions 
or .channels in the limestone. At Cleveland, the valley fiat of Rock 
river ( 570 feet) · is underlain by a thin layer of Coal Measures shale, 
through which mounds of Devonian limestone protrude, while a mile 
to the southeast, at the same level, a boring is reported to have gone 
125 feet in the shale, or down to an elevation of 445 feet without reach-
ing its base. At Island City, beds of shale and sandstone have a thick~ 
nes of 200 feet, extending 70 feet below the river level. Borings around 
Argo, on the upland northwest of Leclaire-pass through Coal Measures 
shales, and one well is reported as entering the limestone at a depth 
of 320 feet. This places the base of the Coal Measures shale at this 
location at about 440 feet above sea level or 120 feet below the Missis-
sippi river level at Leclaire. Shale underlies the flat between the 
village of.Pleasant Valley and the river, and one well record indicates 
that it· extends at. least 70 feet below the river. On the upland in the 
N. E. 1,4 of Sec. 11, Hampton township, a mining shaft reaches the 
lower coal seam at a depth of 125 feet or at practically the elevation of 
the river. The base upon which the formation rests is therefore uneven 
with a relief of 100 to 150 feet. 
/Examples of smaller irregularities may be· seen in a number of places. 
In the northwest part of Morrison, the Coal Measures sandstone is quar-
ried at the level o-f the creek, while a sho-rt distance to the northeast the 
Niagara limestone occurs in the bank 25 to 30 feet higher. In a rail-
way cut between Island City and MacArthurs, the contact of limestone 
eo Feet 
FIG. 5. Diagram showing a pocket of Coal Measures shale in a depression in 
the Niagara limestone. Exposed in a cut of the I. & I. Electric Ry. between 
Island City and MacArthurs, Scott county, Iowa. 
CARMAN.J ROCK FOR;MATIONS. 1~ 
and shale is very irregular, and pockets of shale extend down into de-
pressions in the limestone (Fig. 5.) Other examples of this irregular 
( unconfo•rmable) contact were seen in the Cady quarry at the east line 
of the city of Moline, in the valleys of Buffalo township, Scott county, 
and at many other places throughout the area.1 
THE. SUPERFICIAL DEPOSITS. 
Everywhere at the surface there appears a deposit of loose material, 
known as mantle-rock~ which more or less completely conceals the bed-
rock. Thi mJantle-rock will be considered in later chapters . . 
HISTORY OF THE B ED-RocK FoRMATIONS. 
The physical history o·f the region as interpreted from the rocks that 
may be seen at the surface, would begin with the Maquoketa stage at 
the end of the Ordovician period (p. 10). But the records o~ the 
artesian wells - (p. 8) show that the strata which' underlie the Maquo-
keta shale are continuous with the strata of similar age exposed in the 
Mississippi vallley farther north, and from these sources we may gather 
some points in this earlier history of. the region. . 
Our knowledge of the area begins with a time (Cambrian period, 
P• 7) when the whole region was beneath an extensiv-e but shallow 
interior sea, which stretched from near the present eastern border of 
the continent westward far beyond the present Mississippi valley. Then, 
as now, those parts of the continent which were land were being eroded, 
and the rivers were bringing down their loads of sedim'.ent to the seas. 
The sediments left in this region were for a long time, sands, which were 
sorted by the waves and currents of the sea, and spread out somewhat 
uniformly. Then mud became more abundant in .the materials brought 
down by the rivers, and was mixed with the ~ands in various pro·portions, 
or predominated to such an extent as to form mud deposits. At another 
time the waters became sufficiently clear to allow a large fauna of shelled 
animals to live, which on dying, added their calcareous shells to the in-
coming Eediments. This formed calcareous muds or calcareous sands, 
or, if the incoming sediments were at a minimum, nearly pure cal-
careous oozes were accumulated. In these ways were deposited the more 
than 600 feet of sedim:ents which now make up the Cambrian strata 
(p. 7) . 
The transition from the Cambrian period to the Ordovician was ac-
complished by a change of conditions which cut off the supply of sand; 
thus allowing the water to become clear, and developing conditions 
favorable for the lime secreting animals. Calcareous oozes and muds 
then accumulated on the sea bottom to a. thickness of more than 300 
feet ( Oneota limestone). Thi · was followed by a return to the condi-
tions for the deposition of sand, and a wide-spread but thin bed of sand 
was laid down, forming what i now known as the St. Peter's sandstone 
(p. 8). The conditions favorable for the formation of limestone re-
1 Other examples of this irregular surface are given by Professor Norton in his 
report on Scott county. Iowa Geol. Surv., Vol. IX, pp. 463-465. 
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turned again, and the materials for the Galena-Trenton limestone were 
deposited. Whether the Galena-Trenton stage was closed by an emerg-
ence of the land, and separated from the Maquoketa by a period of 
erosion, or whether it merged gradually by continuous deposition into 
the :1\Iaquoketa stage, cannot be told from the facts rtow h.'Tiown in this 
region. 
During the Maquoketa tage, deposits of mud were being made 
throughout the region, and from these the Maquoketa shale has been 
formed. At times the m·uds received more or less calcareous material, 
and in some place (Big Cut section, p. 10), this material predominated 
for short intervals, forming beds of limestone in the hale, or sometimes 
considerable beds of shaly limestone. During the times of clear seas, 
life was abundant and the forms were quite varied. Sedillli8ntation was 
su pended for a time with the withdrawal of the sea in which the mud 
of the 1\faquoketa formation was deposited, and the region was then 
subjected to erosion until the Niagara seas advanced over it about the 
middle of the Silurian period. 
Little mud or sand was brought to the Niagara seas of this region. 
T11e waters were clear, and lime ecreting animals ftomished. The cal-
careous deposits laid down have formed the massive .rJiagara limestone. 
Animal life changed m;ore or less during the long period in which this 
limestone was being deposited, for the fossils of the lower beds are not 
the same as those above. In the Gower stage, it appears that the sedi-
ments were put down in horizontal beds (Anamosa lime tone) in some 
places, while in others, or at succeeding times in the same places, the 
deposits were put down as inclined layers. (PJ. 3, B.), or sometimes as 
massive deposits that show little evidence of bedding (Leclaire lime-
stone.) The Anamosa and the ·Leclaire phases of lime tone grade into 
each other both vertically and horizontally, and either may overlie or 
underlie the other. They are apparently contemporaneous phases of 
deposition. The deposits which formed the Leclaire phase were prob-
ably formed around the mounds of coral reefs simila.r to those which 
now exist in the shallow portions of our tropical seas, while the Anamosa 
limestone is of material deposited on the more level portion of the sea 
bottom some distance from the reefs. 
After the deposition of the Niagara limestone, the sea again withdrew 
from this region, and land conditions appear to have prevailed until 
mid-Devonian time. At least a part of this region, and possibly all of 
it was then submerged again.1 'J.lhe sea was relatively clea , and the 
calcareous deposits laid down formed the Devonian limestone. Marine 
life was abundant at various times, and quite varied. This was the 
last lime tone formation of this region. After its deposition, the sea 
again withdrew, leaving over at least a part of the area, a surface of 
Devonian limestone. 
The erosion interval begun in thi region toward the end of the 
Devonian apparently continued through the 1v1ississippian (Lower Car-
boniferous) period, making the surface of the land very irregular. 
i Some beds of Questionable Devonian age occur in Jackson county, Iowa. See 
Iowa Geol. Surv., Vol. III, pp. 122-126, and Vol. XVI, pp. 621-625. 
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During the Pennsylvanian (Upper Carboniferous) period which fol-
lowed, deposition took place on this eroded surface. I£ enough deep 
well rec9rds could be had, it. would probably be possible to trace the 
valleys which existed on the surface before the Pennsylvanian period, 
by the presence of the Coal Measure w'hich they contain. Unlike the 
sy terns of greater age, the Coal Measures deposits were not all of marine 
origin. They were partly land-water deposits, consisting of muds and 
sands, possibly partly marine, but largely swamp, valley and lagoon de-
posits. Vegetation grew in the wamps and lagoons, and on dying, fell 
down i:p.to the stagnant waters and was preserved from decay. In this 
way, thick deposits of vegetable matter were accumulated, and fur-
nished the material from which the coal has been formed. Some of 
-the shales and sandstones also·, were probably deposited in valleys or 
plains on tl1e land. The Coal Measures may once have extended over 
most of the area; but if so, they have been removed from the larger part 
of it by erosion. , 
The deposition of the Coal Measures in this region was ended by a 
Telative uplift of the land, which caused the areas of deposition to be 
.drained. With this event, the history of the . bed-rock formations ends. 
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CHAPTER III. 
THE EROSION INTERVAL BETWEEN 'I'HE DEPOSITION OF 
THE COAL MEASURES AND THE GLACIA~ PERIOD. 
After the deposition of the Coal Measures, a long period o·f erosion 
began in this region. It continued, perhaps with some interruptions, 
through the Mesozoic era, and up to the Quaternary period of the 
Cenozoic era (p. 6); Concerning this long lapse of time little can 
be said in detail, but the general fads are clear. It was a time of con- · 
flict between the opposing forces o.f relative uplift on the one hand, 
and the processes of erosion on the other. 
Of the events of the e·arlier part of the Meso·zoic. era in this region 
we have no clear record. There is no evidence of deposition, and it is 
assumed that erosion was in progress. During the Cretaceous period, 
deposition may ha.ve taken place in this region. Probable Cretaceous . 
deposits have been recognized in Muscatine1 and Delaware2 counties,. 
Io'iva, and it is possible that the Cretaceous seas extended over much 
or even all of the region here described; but if so the deposits have 
been destroyed by erosion. During the T'ertiary period, erosion is as-
sumed to have been in progress. 
T'he topography at the end of the Tertiary period, before the invasion. 
of the ice of the Glacial period is known in a general way. It was a 
topography of considerable relief. There were deep valleys separated 
by high divides. In some places the valleys were narrow, and the divides 
wide, while in other pla9es the valleys were wide and the divides rela-
tively nanow. The general character of the surface had been deter-
mined by the erosion of running water. That the development of this 
topography may be clea.rly understood, a brief statement of the work 
of streams, and the topographic results which they accomplished, is here 
introduced. · 
GENERAL STATE::\IENT OF THE WORK OF STREAMS. 
The Origin of Va.lleys.-The greatest river of this region is the Mis- . 
sissippi, and it occupies the greatest valley. The large tributarie~ of" 
the Mississippi, the Rock and the Wapsipinicon rivers, are streams o.f. 
secondary size, and flow in valleys which though large, are smaller than 
that of the Mississippi. Smaller streams flow in smaller valleys, down 
t.o ravines and gu11ies through which water flow only when it rains. 
Throughout the w1wle series from large t to smallest there is a crude-
1 Udden. · Iowa Geol. S.urv., Vol. IX, pp. 316-320. 
2 Calvin. Iowa G eol. Surv., Vol. VIII, pp. 160-161. 
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A. Hillside gullies starting on the steepest part of the slope, Scott county. 
Iowa. (.\lorton, Iowa Geol. Surv.) 
B. Valley in Fejervary park, Davenport, just below the rustic bridge. The 
V -shaped valley has steep sides and is youthful. 
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sort of adjustment between the size of the stream and the size of the 
valley. Each joins· its main at the level of the latter, and in turn, 
receives tributaries whose lower ends accord with its own elevation at 
the point of junction. From these relations of streams and valleys, we 
conclude that the valleys were made by the streams which occupy them. 
The Carrying Power of Streams.-It is a. matter of common obser-
vation that streams are nwre or less muddy. In this region a. clear 
stream is exceptional and this is true both of the small rills that gather 
during a. heavy shower, and of the large streams which never dry up. 
No sooner does water begin to flow over the ground after a shower than 
it begins to pick up earthy matter from the soil, making the wa.ter 
muddy. The sort of material picked up depends upon the nature of the 
soil passed over. \Vater flowing over slopes of yellow clay picks up 
material which makes the streams yellow. A black soil yields material 
which makes the streams clark, and the mud washed from macadamized 
streets makes the streams gray. Not only does the water flowing down 
the slopes to streams gather sediment, but the streams themselves wear 
their channels. The amount of sediment carried by any particular 
stream may be small, but when we remember that every stream carries 
some sedin1ent, and has been doing so for ages, we see that enormous 
quantities of material mu.,t have been moved in this way. The result 
of this removal of sediment is that the valleys in which the streams flow 
are made largeT and the surface of the land gradually lowered, while 
the· material carried away by the streams is left farlheT down the valleys, 
of in the sea to which the valleys lead. 
The Mississippi is estimated to cany to the Gulf of Mexico enough 
material each year to cover a square mile .to, a depth of 268 feet, or about 
7,500,000,000 cubic feet. To carry this material to the Gulf by rail 
would require that a train of forty-four loaded caTs arrive at the Gwf 
each minute.1 If one-fifth of this is gathered in the Mississippi basin 
in OT above our area, we get some idea of the amount of materia! car-
ried by the Mississippi in this paTt of its course, that is, an amDunt 
equal to what would be canied by trains of forty-fonT loaded cars ea.ch, 
passing at the rate of one each five minutes. A very" large proportion of 
this is can-ied in times of flood, but some is passing all the time. 
The Beginni1tg of a. V (J)lley.-A land surface emerged from the sea 
would not have valleys like those found on the land. Its surface would 
be rather smooth, but it would probably have some slight irregularities 
and some slope. Rain water falling upon such a. surface would gather 
in the lower places -and flow along them down the slope. As more water 
flows along the low places than elsewhere, erosion would be more rapid 
in them!. ·where the flow of the water is swift, gullies would begin to 
develop, ju t a they do on many a- hillside at the present time, often 
to the injury of farmland (Pl. 4, A.) Ea,ch succeeding fall o-f rairi 
would make the gullies larger by increasing their length, width and 
·depth. In course of time the gullies would grow to be ravines, and the 
ravines grow into· valleys: -
1 In this computation the specific gravity of the sediment is taken .as 2.5 an<l 
the capacity of a railway car as 50,000 Jbs. 
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Tributary Tl aUeys.-As a gully grows, tributary gullies are lleveloped 
on it lopes by the water entering it from the sides. rrhe e tributary 
gullies grow with each succeeding shower, and increase in length, width 
and depth. Tributaries of the second, third and higher orders will 
follow. A main valley with all its tributaries is called a valley .system. 
The sm1aller valleys join to form larger ones as they are followed down 
the slope, while in the opposite direction they divide into smaller and 
smaller branches which in time extend to every part of the land surface. 
Th e Base-Level of treams.-A stream which flows to the sea may 
cut the lower end of its valley to sea.-level, and a stream which flow into 
another tream may cut the lower end of its valley down to the level of 
the stream it joins. Back from its mouth the strea.m flowing to the sea 
cannot lower its valley to sea-level, but only toward it. Similarly the 
tributary stream can bring its valley down to the level of its main, at its 
n1outh only. Farther up tream, the valley always rises, though it may 
be very gTadually. 
The lowest level to which a stream can bring its valley is called base-
level. When a stream ha reached base-level therefore, it can deepen 
its valley no more, so long as conditions rem1ain as they are. A stream 
reaches its base-level :first at its mouth, and later at successive points 
farther up its course. 
The Development of a Valley.-During the early stages of a valley's 
development, erosion will be rapid on its bottom, and it will increase in 
depth rapidly. If it is in a region of slight relief, the> stream can ·make 
only a shallow valley before it reaches its base-level; but if the relief is 
great, it will cut a deep valley before it reaches its base-level. If the 
region is high, the gradient of the stream will be steep, giving it a high 
velocity. In the early stages of its development, the valley will be 
narrow, for the deepening of the valley goes on faster than the widening. 
The valley walls will be steep, the angle varying with the nature of the 
material in which the valley is cut. If the material is unconsolidated, 
as the glacial drift of this region, the valley ides can be only steep 
slopes; but if the material is. a resistant rock formation, the valley side 
may be precipitous or even vertical cliffs. A valley in an early stage of 
cleYelopment is known as a youthful va.~ley. Its V-shaped cross-section 
is shown in Fig. G, c~, a' and b, l/. The Yalleys shown in Figures 7 and 
8 are youthful valleys. 
FIG. 6. Generalized cross-sections showing various stages of valley develop-
ment . 
. Youthful valleys are found in many place throughout this region. 
Especially striking examples are found along the bluffs separating the 
lowlands from the uplands. Illustrations of youthful valleys cut in 
loess and drift occur a.long the bluff betwEen Rock Island and Moline 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 5. 
A. Steep sided valley in the northwest part of Davenport. It is further 
advanced than shown in Plate 2-B, but is still youthful. 
B. Valley in the east part of Davenport. The sides are gentler than in A. 
but the bottom is narrow and the valley is youthful. 
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and in Fejervary park at Davenport (Pl. 4, B.) The gully in the 
buffalo field in F~jervary park is an excellent example of. a very youth-
ful valley. Good illustrahons of narrow gorges bounded by vertical 
rock walls are f.ound at the mouths of Duck and Spencer creeks, Scott 
county, Iowa, and along Carroll creek, from 1\It. Carroll, Carroll county, 
Illinois, west to its union with Plum river. 
After a stream: reaches base-level and ceases to deepen its valley, the 
processes of valley widening may still go on. At this stage. the valley 
has a gentle gradient, aJ;td the stream is easily deflected from side to side. 
The stream undercuts its banks in some places causing them to retreat, 
thu widening its valley. In general the slopes become less steep, as the 
growth of the valley progresses. Valleys at this stage of development . 
are kno\irn as ma,ture valleys. A croes-section of a. mature valley is 
shown in Fig. G, cJ c'. The passage of a valley from the youthful to the 
mature stage is gradual. Plates 4, B., 5 and 6 show progressive sta.ge~ 
in valley developm(ent. 
Mature valleys occur throughout the region describej_ iri this bulletin. 
Apart from the valleys of the larger streams, they are best developed 
in the area northeast of Savanna, and in Clinton county no·rthwest of 
Clinton. Mature valley may occur in the same general region with 
youthful valleys, and the tributaries of mature valleys are often youth-
ful. The stage of development of a valley is usually more advanced 
in it lower courc;:e than farther up the stream, and the same valley may 
present a succession of stages of deYelopment as it is followed toward 
its head. 
As erosion continues beyond the stage of maturity, a valley becomes 
"rider and wider, and its slopes on the whole more gentle. The sluggish 
stream meanders slowly over its broad flat, under-cutting its banks in 
some places, but on the whole· doing little eroding. A later stage of , 
valley developmep.t is the old age stage. The cross-section of an old 
valley is hown by the lower profiles of Fig. 6. 
The Cycle of Erosio1~.-A region with youthful valleys would have 
much surface which is not yet invaded by erosion cha~nels. Much of 
FIG. 7. Diagram showing a land surface with only a few valleys. (Chamberlin ' 
and Salisbury.) 
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the surface remains at its original level, forming broad inter-valley 
areas. A region of this character is shown in Figs. 7 and 8. The topo-
graphy of such a region is called youthful topograpJ~y. 
FlG. 8. Diagram showing the dissection of the upland shown in Fig, 7, by 
tributary valleys. (Chamberlin and Salisbury.) 
Examples of youthful topography are found at a few places within 
this region. In southern Clinton county there is an area that has not 
been gTeatly affected by ero ion, and it furnishes the best example of 
~·outhful topography found within the region. Other areas of the same 
class occur on the uplands farthest a.way from the great valleys, as in 
Scott county, north of Davenport, and on the Moline upland (Pl. 7, A.) 
A profile across several valleys, and the broad inte~valley areas of 
youthful topography is shown in Fig. 9 a, a', a.". A the 1alleys are 
widened the fiat-topped divide<:~ are correspondingly narrowed, until they 
become ridges b J b'" b". Further erosion will reduce the elevation of the 
divides until the region become almost level d, d', d". 
FIG. 9. Cross-sections showing various stages of erosion in one cycle. 
The reduction of a :r;egion to base~level however, does not take place 
by the ''·idening .of a few valleys. Tributaries develop from the main 
Yalleys, and cut back into the inter-valley areas (Fig. 8) and in time 
the whole area is cut up ( dis.:ected) by valleys. The level upland is 
reduced to narrow ;ridges, slopes extend from the narrow divides to the 
stream:::, and the grea,test possible amount of the surface is in slopes 
(Fig. 10). The doininant valleys of such a region are mature, and the 
topography is called matu.re topography. 
A large part of the region de cribed in this bulletin ha a mature 
topography, that is, it is in the stage of development when slopes greatly 
predominate over the fiats of the upland or the fiats of the valleys. The 
·. 
STATE GEOLOGICAL .SURVEY. BULL. NO. 13, PL. 6. 
A. A valley in the southeast part of Moline. The sides are steep but the 
l>eginning of a flat is seen. 
B. A valley in the northwest part of Davenport, showing a broad valley 
bottom in which the stream has a shallow channel. This is a stage of develop-
ment in advance of that in A. 
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best illustrations of mature topography are seen in Carroll county, 
Illinoi , north and northeast of Savanna, and in northern Clinton 
county, Iowa. Mature topography is also found in . Whiteside county 
north of Union Grove, on the Garden Plain upland, in the northern 
part of the Coe upland, and around the margins of the other upland 
areas of the region. 
Erosion beyond the stage of m:aturity reduces the steepness of the 
slopes, and develops wide fiats at the base-level~ of the streams. Flats 
develop first along the main streams, and later extend into the tributary 
Fro. 10. Diagram showing a thoroughly dissected region with many valleys. (Cham berlin and Salisbury.) _ 
valleys from their lower ends. 'The dev-elonment of fiats along main 
streams may begin while the topography is still youthful, and the fiats 
of main streams may become wide in maturity; but as the valleys advance 
to old age, the areas of lowland represented by' the valley fiats are so 
large that they exceed the uplands in size. When the divides become 
narrow and low, the topography of the surface has become old. A sur-
face in old age is almost level. Such a stuface is called a peneplain 
(an almost plain). If the process goes on so that the whole region 
drained by a. river system is reduced to base-level, the area becomes a 
base-leveled pla1in. Peneplains grade into base-leveled plains. The 
period of time necessary for the reduction of a surface to base" level, 
i a cycle of erosion. In the early stages of an erosion cycle the region 
is made rough, but the final result of stream erosion is a smooth surface. 
The slopes of maturity are developed at the expense of the level upland 
areas of youth, and the lowland plains of old age at. the expense of the 
lopes of maturity. 
\Vhen a region is base-leveled, erosion is practically stopped. Tl1e 
streams wind about over the low plain to which they have reduced the 
surface and flow slowly to the sea. So long as the land remains station-
ary at that elevation this . condition continues. But if the land is raised 
with respect to sea-level, the flow of the streams is quickened, and they 
cut new valleys in the fonner fiat plain. This inaugurates a new cycle 
of erosion. 
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THE PRE-GLACIAL TOPOGRAPHY OF THE REGIO.r . 
It was noted at the •beginning of the chapter (p. 22) that the chief 
event within this region during the Mesozoic era, and the early part 
of the Cenozoic era was erosion. The time represented by these eras 
is probably many · millions of years. As a result of this long continued 
erosion, thjs region was ba.se-leveled, or peneplained, at least a early as 
the latter part of the Tertiary period. T'his old plain, now uplifted, 
is represented by the summit plain of this region, which have a gTeat 
uniformity of elevation as shown in Figs. 3 an.:.l 11. Thi uniformity 
of summit level is seen to be a prominent feature from any of the 
highest elevations of the region, where a large extent of the country may 
be seen. It forms the even sky line of Jackson .and Clinton counties, 
Iowa, and of Carroll county, Illinois. 
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FIG. 11. Generalized surface profile on an east-west line, showing the approxi-
mate uniformity of summit levels. 
After this peneplain was developed, there was relative uplift of this 
region which raised the surface from the low level to which it has been 
reduced by erosion, to an elevation of 700 to 900 feet or more. With 
this elevation, a new cycle of erosion began. The quickened streams be-
gan to cut new valleys in the level upland surface (the raised pene-
plain) and it was dissected to the stage of ea.rly maturity before the 
beginning of the Pleistocene period. The relief was 300 to 400 feet, 
i:he rivers flowed at a level below that of the present streams, the slopes 
of the valleys were steep and covered with only a thin veneer of decayed 
TQck, and the whole country was more rugged than at present. 
Before the ice of the glacial period developed over North America 
for the last time, the Mississippi river flowed at a level 150 to 200 feet 
below its present channel. This is known because there is a filling of 
glacial sand and gravel to that depth in the bottoms of the vallev. In 
the northern portion of this _region, this greater depth brougll.t the 
valley bottom ilown to the honzon of the lower part of the Maquoketa 
shale or the top of the Galena-Trenton limestone. The Maquoketa shale 
extended to 200 to 300 feet above the river, and was overlain by the mas-
·sive Niagara limestone. The shale was easily removed by the lateral 
erosion of the river, and the projecting layers of the overlying Niagara 
limestone, broke off in great blocks which fell to the base of the cliff and 
were worn away by the abrasion of the river. These conditions of 
structure, position, and u~equal resistance of the formations, resulted 
in a rapid retreat of the va1ley walls, and the development of steep 
bluffs. • 
In the vicinity of Lyons, the Maquoketa. shale dips to the south arid 
within two miles the upper contact has chopped more than 100 feet 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 7. 
A. Nearly level surface of the Moline upland, unaffected by stream erosion. 
B. The Illinois bluff, one and a half miles north of Savanna. In the back-
ground, is the feature known as "The Twin Sisters" and to the left of this, the 
·'Open Bible." 
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below the river. ·with the eli appearance of the Maquoketa sha1e, the 
steep, high bluffs which are so prominent in the northern portion of 
the region come to an end, and the Mississjppi valley soon contracts to 
less than half its former width. This is shown on the topographic maps. 
(Pl. 1 and 2). 
THE UNGLACIATED ARE..i. NORTH OF SAVANNA. 
Over mo t of this region the pre-glacial topography was much changed 
by the ice of the glacial period, but the area north and northeast of 
Savanna was not glaciated, and here the pre-glacial topogTaphy as modi-
fied by the erosion of the Pleistocene period still remains. The area 
which was not glaciated differs :from the rest of this region, both in 
topography and in the nature of its surface m.aterials. 
Topography.-The divides north of Savanna rise to an elevation of 
more than 900 feet above sea-level r~aching more than 960 feet about 
10 miles north of Savanna. The valley hottoms here have an elevation 
of 600 to 700 feet, thus giving to this area a relief of 200 to 300 feet and 
more, the greatest within the region. The creek valleys are deep and 
steep sided and have narrow flood-plains. The valleys and nt':'ines 
tributary. to the main creeks have thoroughly dissected the region by 
their numerous branche , which now head near each other on opposite 
side of the narrow ridge-lllce divides. In the development of the 
Yalley , the remnants of the upland haYe been narrowed. to ridges. The . 
flood-plains have not yet developed· notable width so that a large part of 
the surface is in slopes. 'The area north of Savanna is a good example 
of a thoroughly dissected upland plain, and is in striking contrast with 
the more even country to the south. 
The bluff of. the Mississippi north of Savanna (Pl. 3, A) a-ncl the 
rock gorges of Canoll creek and Plum river are the best developed 
features of their kind found within the region. The bluffs north of 
Savanna often rise in vertical walls 100 ·feet or more, and the total 
height of the bluffs above tl•e river is 150 to 250 feet. The tops of the 
cliffs are sometimes adorned by fantastically ·weathered columns and 
turret , 'ivhich stand out free from the cliff face. One and a half miles 
north of SaYanna, at the Snyder lime kiln, several of these erosion 
remnants, because of their real or fancied resemblance to the object in-
dicated have received such names as "The Twin Sisters," "Indian 
Heacl," and "Open Bible" (Pls. 7, B. and 8.) 
E'ffect of To.po,graphy.-The region north of Savanna is sparsely 
populated, for much of the surface is in slopes too steep and rocky for 
cultivation. The loess soils of the divides, and the alluvium of the 
narrow flood-plains furni h the best farming lands, while the steep 
slopes are given over to pasture and timber. 
A may be seen :from the topogra.phic map (Savanna sheet), the roads 
of the region are very crooked, and have had their courses determined 
Ly the topography., F'or the most part they follow divides, or, in a. few 
cases, valleys. Railways avoid ·the region whenever possible, running 
around the margin of the rough tract, as in the case of the C., M. & St. 
P. Ry. from Mt.. Carroll to Savanna, or they follow the main valleys. 
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Superficial Deposits.-The material of the surface here, as elsewhere, 
is a yellowish loam called loess (p. 3). It overlies the divides, where 
it often has a thickness of 15 to 20 feet; but on the steeper slopes it is · 
usually absent, or thin and patchy. The loess sometimes rests directly 
upon the solid bed-rock; but over most of the area there is a band of 
weathered rock at its base. This is the product of the weathering (de-
cay) of the bed-rock, before the loess was deposited. This weathered 
rock material is therefore local in origin, and contains only those con-
stituents found in the bed-rock. It grades downward into decayeq rock, 
which in turn gTades into the solid roc~ below (Fig. 12). 
FIG. 12. Diagramatic section in the driftless area, showing relation of the 
mantle-rock to the solid rock beneath. (Alden, U. S. Geol. Surv.) 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 8. 
The "Indian Head" as seen from the north. One and a half miles north of 
Savanna. 
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CHAPTER IV. 
THE QUATERNARY OR PLEISTOCE~E PERIOD. 
GENERAL STAT~IENT. 
THE PLEISTOCE.NE ICE-SHEETS OF NORTH A~1EHICA. 
· In the preceding chapter, the history of the area was traced down to 
the beginning of the Pleistocene period. With the advent of this 
period, a new and remarkable uccession of events began, for during its 
progress great thicknesses of snow accumulated over the northern part 
of the continent, burying the land to great de!pths. In the course of 
time the snow was compacted into ice, so that the snow-field became an 
ice-field or continental glacie·r. Epochs of cold with heavy precipita-
tion of snow, alternated with periods of more genial climate . when the 
snow and ice were largely or wholly melted. The history of this period, 
therefore, includes a succession of glacial epochs altenw.ting with a 
succession of inte1·glacial epochs. 
The ice of these great glaciers spread radially from· the centers of ac-
cumulation on the highlands east and west nf Hudson Bay (Pl. 9), and 
at the time of their maximum extension, covered some 4,000,000 square 
miles of land in the northeastern part of the ·continent. At this time 
the ice reached the Atlantic east of New Jersey, while in the interior of 
the continent its margin corresponded roughly with the present courses 
of the Ohio and Missouri rivers. 
THE EXTENSION A.~D W_ITHDRA W AL OF AN ICE.-SHEET. 
In the history of an ice-sheet there is ( 1) a general period of growth 
or extension in which the advance of the ice exceeds the waste by melt-
ing and evaporation, and ( 2) a period of decadence or withdrawal in 
which the waste exceed advance. 'Vithin the general period of exten-
sion ther~ may be short intervals when the ice-margin is stationary or 
when it retreats temporarily and within the general period of with-
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drawal there may be hart interval when the ice-margin is stationary 
or e\en makes a slight readvance. Between the general tage of ad-
vance and retreat there may be a tage ·when the ice- heet remains es-
sentially constant in size. 
An ice-sheet increases in area partly by growth from the accumula-
tion of snow about it edge, and partly a a re ... ult of it~ own motion. 
'Ye need not discuss here the nature of thi motion. It i ufficient for 
our purpose to ay that the motion of a continental glacier re ults in a 
low preading of the ice from the center of accumulation. 
In thinking of the motion of an ice- heet we mu t di tinguish be-
tween the movement of the ice it elf, and the change in po..,ition of its 
margin. The margin of the ice i being pu heel forward con tautly by 
the pressure of the thicker part behind; but the margin of the ice is 
always being wa ted by melting and evaporation. The achance and re-
treat of the margin of the ice depend upon the relation of these two 
factors, forward motion, and marginal wa tagc. If the forward move-
ment of the ice exceed~ the wa te of the margin, the edge advance ; but 
if the forward movement is less than the wa te, the margin retreats. 
If the two factor exactly balance, the margin remains tationary. A 
retreat of the ice-sheet does not mean the backward movement of any 
part of the ice in the direction from which it came, it merely means 
that marginal wa te exceeds forward movement. 
TilE SUGCE SIO~ OF ICE L-V..iSIO -s _L-D HOW K.L-OWK. .. 
"It was formerly thought that there was but a ingle ice inYasion of 
brief duration, followed by· a rapid retreat attended by great floods 
arising from the melting of the ice; but the more careful tudie of 
later years have revealed a series of invasions separated by very con-
siderable intervah:. It i not yet known how far the ice retreated be-
tween the advances, but there is convincing evidence that some of the 
intervals were long, much longer than the period which ha elapesed 
ince the last ice retreated. There i also good evidence that in orne 
of them the climatic conditions became at lea t a mild a they are to-
r1av. ·while there are differences of view with reference to the entire 
di;appearance of the ice- heet from the plains of Labrador and Kee-
'\Yatin, and respecting the ..est:i]mate to be put upon the importance of the 
interglacial intervals, the above statements are fully ju tified by the 
data now accumulated. Besides the greater advance and retreats, 
there were numerou halts or oscil1ations which probably affected the 
oncomings as well a the retreats of the ice. 
"The proofs of the interglacial intervals and the evidence~ of their 
duration are found in the surface change which were wrought by 
orainage after the deposition of one heet of drift, and before the de-
position of the next; in the depth to which earber sheets of drift were 
leached and oxidized by weathering before the depo ition of later ones 
upon them; in the accumulation of peat, . oil, etc., now found between 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 9. 
Sketch map of North America, showing the area covered by the ice at the 
time of its maximum extent, the centers of ice accumulation, and the driftless 
or unglaciated area in adjacent parts of Illinois, Wisconsin and Minnesota. (Alden, U. S. Geol. Surv.) 
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different sheets of drift; and in some cases in the chaJlges of topo-
graphic attitude which intervened between the deployment of successive 
ice-sheets. 
"The following are the American stages of the glacial period now 
recognized in the interior of North America, numbered in the order of 
their age: 
XIII. The Champlain sub-stage (marine). 
XII. The glacio-lacustrine sub-stage. 
XI. The Later Wisconsin, the sixth advance. 
X. The fifth interval of deglaciation, as yet unnamed. 
IX. The Earlier Wisconsin, the fifth invasion. 
VIII. The Peorian, the fourth interglacial interval. 
VII. The Iowan, the fourth invasion. 
VI. The Sangamon, the third interglacial interval. 
V. The Illinoisan, the third mvasion. 
IV. The Yarmouth, or Buchanan, the second interglacial interval. 
III. The Kansan, or se.cmid invasion now recognized. 
II. The Aftonian, the first known interglacial interval. 
I. The sub-Aftonian (pre-Kansan), or Jerseyan, the earliest known in-
vasion. 
"These stages were by no means equal, the earlier being markedly 
longer than the later. rrhere was something like geometrical gradation 
from the earliest and longest, to the latest and shortest.1 
THE WORK OF AN ICE-SHEET. 
"The surface- over which the ice-sheets moved is believed to have had 
a topography which had been shaped, so far as details are c<mcerned, by 
rain and river erosion, and was covered by a layer of mantle-rock which 
originated in the formations beneath. The ice removed this mantle of 
decomposed material, and cut deeply into the lindecayed rock beneath. 
The best rough measure of the ice erosion is the great body of drift, 
much of which is composed of rock debris, which lay beneath the de-
cayed horizon at the surface. In effecting this erosion, the ice modified 
the pre-existing topography to some extent, for weaker terranes (for-
mations) were erodecl. more than resistant ones, and the topography 
favored more forcible abrasion at some points than at others, while the 
ice itself was more effective at some times and places than at others. 
One of the results was the development of rock-basins by the ice-sheets. 
On the whole, the topographic effect of glacial erosion was probably to 
soften the surface contour, witl1out noticeably diminishing the relief. 
'l1he erosive effect of an ice-sheet of large size is probably greatest to-
ward it edge, but far enough back for the ice to be thick. The position 
of the area of greatest erosion probably shifted with the decline of the 
ice-sheet. 
"The second great phase of the work of the ice was the deposition of 
the drift. Some of it was deposited while the ice-sheets were growing, 
some of it after they had attained their gTowth and before decay had 
begun, and some of it while they were declining. Some of it was de-
1 Chamberlin and Salisbury, Earth History, Vol. III, pp. 382-383. 
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po ited beneath the body of the ice, and some of it at its edge. In 
some places, water played an iinportant role in modifying the drift left 
by the ice, while in others its influence was nil. The deposition of the 
drift altered the topography notably, especially where the drift was 
thick and the relief of the underlying rock slight. It is to the in-
equalities of the thickness of the drift than many of the peculiar de-
pressions and elevations of the surface of the drift are chiefly clue. 
Erosion and the deposition of the erodecl material are then the two 
great results of an ice invasion, eo far a.; the solid part of the earth is 
concerned.1 ' 
RELATION OF THIS REGION To TIIE IcE-SHEETS. 
The region under discussion lies in the heart of the great area COY-
ered by the ice-sheets (Pl. 9), but the area north and northeast of Sa-
varina which was described on pp. 29-30, is 1>art of an area which was 
not coyered by the i~e of any one of the glacial .epochs. This is known, 
because glac·ial drift (the deposits made by the ice) is absent. Because 
of the absence of drift, the unglaciated tract is called driftless area. 
The driftless area is in marked contrast with the d1·ift covered or glaci-
ated lands about i_t . . The general location of the clriftless area is shown 
in Pl. 9. It total area is 8,000 to 10,000 square miles. 
The exact boundary between the drift covered and the driftless areas 
is not readily traced, for the drift is very thin and patchy near its edge, 
. and it is covered and often concea1ec1 by the loes . The approximate 
boundary is shown on the accompanying map (Savanna sheet, Pl. II). 
The larger part of the region described in this bulletin, including all 
of the area west of the Mississippi and all that east of the Mississippi 
south of the clriftless area, wa covered by one or more of the ice-sheets. 
The ice of all the epochs can1e from the north, and in the northern part 
of the continent each ice-sheet f01imecl a broad continuous expanse of 
ice. The margin of the ice was lobate and certain lobes puehe-::1 farther 
south than the intervening parts. Within each of these lobes the gen-
eral motion· was to the south, but the ice spread laterally from the axis 
of each lobe and near the sides of a lobe, it sometimes advanced s-outh-
east or southwest or even east or west. When a lobe of a great :lee-
sheet advanced south across Illinois, the ice entered this region from 
the east, or southeast, but when the ice pushed into the region from 
Iowa, its movement here was from the west or · northwest. The lobate 
margin of the grea.t continental ice-sheet is shown in Pl. 9, and the 
direction of motion in. this region at successive times is shown in Figs. 
13, 15 and 16. 
THE SuccESSION OF GLAciAL EPOCH AFFECTING THr REGION. 
THE PRE-KANSAN GLAC'I.A.L EPOCH. 
The first ice-sheet now known is called thepre-Kwnsan ice-sheet, and 
the drift it left is the pre-Karnsan drift. The exact extent of this ice-
1 Chamberlin and Salisbnry, Earth History, Vol. III, pp. 358-359. 
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sheet is not known, for its d-rift was completely covered by later ice-
sheets. Pre-Kansan deposits have been recognized beneath deposits of 
later age over much of southern Iowa, and several well rec?rds of west-
ern Scott county1 indicate an eastward extension of this ice-sheet -near 
to our area, and it may have extended across it into Illinois, advancing 
from the west. · · 
THE .A.FTONI.A.N INTERGLA.CL\.L EPOCH. 
The pre-Kansan glacial epoch was followed by an interval when the 
ice receded from this region, and when vegetation grew upon the sur-
face of the pre-Kansa:ri drift. This interval of mild climate is known 
FIG. 13. Sketch map of this region showing i;P.e probable maximum extension 
of the Kansan ice-sheet. The outline indicated is probably no more than an 
approximation. 
as the Aftonian epoch. Deposits of thi epoch, soil, vegetable matter, 
stream sand, etc., are shown in the well records of western Scott 
county.1 
1 Norton. Iowa Geol. Surv., Vol. IX, p. 473. 
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THE KANSAN GLACIAL EPOCH. 
The second known glacial epoch is called the Kwnsan epochJ because 
the ~ce then reached the northeastern part of Kansas. The driJt left by 
this ice-sheet is called the K a.nsan drift. _ 
Area Oovered.-The Kansan ice-sheet entered this region from the 
west and northwest and · advanced southeast toward the Mississippi. At 
the time of its maximum extension it covered most of the region as. 
shown in Fig. 13. 
Area of Exposed Kansan D1·ift.-The Kansan drift was deposited 
over all the area covered by the Kansan ice-sheet (Fig. 13.) But late1~ 
ice-sheets covered a part of the same area, and mixed up the Kansan 
drift with their own, or buried it beneath their own deposits. The area 
over which the Kansan drift appears at the surface is therefore the area 
over which it was deposited, less the area where it was buried by the 
drift of later ice-sheets. \Ve may call the area where t'he Kansan drift 
is exposed or covered._ by loess only, the Karnsa,n d1-ift-plain. Its area 
within this region is shown on Pl. I. To the north .and west it extends-
beyond this region across Jackson and Clinton counties. 
On the south, the Kansan drift is overlain by the Iowan, a. later- · 
glaeial deposit. The topography of the two drift-plains is so unlike 
that the boundary between them can usually be lo-cated within a distance 
of half a mile, by this means alone. 'rhe line s~parating them runs in 
a general east-southeast direction across the northwest part of the 
Cordova quadrangle. Its approximate location is shown on Pl. I. 
Character of the Drift.---:The upper and weathered part of the Kan-
san drift is a yellow, or brown bowldery clay, while the lower un-
weathered part has a dark blue or drab color, and is very compact. The 
weathered zone is usually as deep as the roadside and _ gully exposures,. 
and the unaltered drift below is rarely seen. 
The limey or calcareous material (calcium carbona.te) of the drift 
has been removed from the weathered zone by the water which has per-
colated through it. This process is called lea.cl~ing. The calcareous 
material may be detected by putting a few drops of hydrochloric ( mur-
iatic) ~ acid upon it. If it bubbles freely (effervesces) calcium car-
bonate is present. If no effervescence takes place, this material is ab-
. sent. The extent to which the drift has been leached of its calcium car-
bonate gives some idea as to its relative age. Gravel and stones are 
abundant in this drift, and are usually dark. colored igneous rock . 
The thickness of the drift is greatest on the divides, where it often. 
exceeds 100 feet, with occasional records of as much as 200 feet. A 
FIG. 14. Diagramatic section in the drift covered area showing the relation of 
the drift to the solid rock beneath. (Alden. U. S. Geol. Surv.) 
STATE GEOLOGICAL SURVE'Y. BULL. NO. 13, PL. 10. 
A. Gravelly Illinoian drift resting upon a well cemented stratum of gravel 
(projecting layer) which, in turn, rests unon a d epos it of ferruginous sandy clay 
at the base of the cut. (Calvin.) 
" B.
claire. 
A heavy bed of gravelly Illinoian drift in the Mississippi valley below Le-
(Calvin.) 
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mantle of loess 10 to 20 feet thick overlies the divides, but on the slopes 
it is much thinner, and sometimes absent. Here the drift appears at 
the surface. Exposures of drift are frequent along stream courses and 
on the steeper slopes, and road cuts often show the drift below 3 to 5 
feet of loess or loam. The ·Jrift rests directly upon the bed-rock by 
a sharp contact, and the upper surface of the rock is often planed off 
smooth (Fig. 14). 
The Top,ography of the Ka.nsan D1·ift-Plain.-The effect of the Kan-
san ice-sheet upon the surface must have been to reduce its relief, and 
when the ice withdrew, it probably .left a plain without strong relief . 
.But the Kansan drift plain is now well dissected, with many streams and 
valleys, and it therefore shows the effect of long ·continued erosion. The 
relief is usually 100 to 150 feet, and the va~ley slopes are moderately 
-steep. The divides between the valleys are rather narrow and irregular, 
and from them one may look down on either side over the broad flaring 
Yalleys. The Kansan drift plain is the most rugged part of the glaci-
ated area, and most nearly approaches the topography of the driftless 
area., north of Savanna. However, the relief of the Kansan drift-plain 
is less than that of the driftless area, and the slopes on the whole less 
teep. Good examples of the well d.issected Kansan plain may be seen 
on either side of the Goose Lake valley in the northwestern part of the 
Cordova sheet (Pl. I.) The topography of the Ka~san drift-plain is, 
as a rule, mature. . 
The extent to which this drift is leached, and the well advanced 
erosion of its surface show that the ·Kansan drift is of far greater age 
-than the Illinoian and Iowan drifts to the east and south. 
THE YARMOUTH I~TER-GLACIAL EPOCH. 
After the Kansan ice-sheet disappeared from this region, there fol-
lowed a long interval of time known as the Yarmou.th or Buchanan inter-
glacial epoch, when the climate was mild. The Kansan drift bas suf-
fered far more erosion than the drift of the next glacial epoch, and the 
-difference must be due to the erosion of the Yarmouth epoch. By the 
most conservative e timate the duration of the Yarmouth must be 
measured in tens of thousands of years. 
This epoch was primarily one of erosion, not one of deposition, so far 
as this region is concerned. Yet a few deposits referred to this time 
{)Ccur within this region. A short distance southwest of the Tile Works, 
. south of Leclaire, Scott county, Iowa, a. cut of the I. & I. Electrict Ry. 
exposes a stratum of well cemented, horizontally bedded gravel; below 
Illinoian drift (Pl. 10, A, and 13 A.) This gravel is probably of Y ar-
1nouth age. It rests upon ferruginous sandy clay below. A buried soil 
borizon of this age is known from the records of several wells which pass 
through the Illinoian drift on the upland of Scott county, Iowa. As 
the inter-glacial deposits would be especially subject to the erosion of 
the next ice-sheet, their preservation would be the exception rather than 
the rule. 
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THE ILLINOIAN GLACIAL EPOCH. 
The drift of the next glacial epoch is best known in Illinois, and for 
this reason is called the Illinoian drift and the ice which made jt the 
Illinoian ice-sheet. The area. over which this drift appears at the sur-
face will be called the Illinoian drift-plain. 
Area Covered.-The Illinoian ice-sheet approached this region from the 
northeast, and advancing in a general southwe t direction spread .over 
the eastern and southern portion of the area. Its distribution within 
this region at the time of its maximum extension is "'hown in Fig. 15. 
'l~o the east it extended· beyond Illinois, and to the west it crossed the 
Mississippi river, and advanced a short distance into Iowa. 
FIG. 15. Sketch map of this region showing the approximate maximum ex-
tension of the Illinoian ice-sheet. 
Area of Exposed nlinm:an D1'ift.-A small area is southeastern Clinton 
county, Iowa, which was probably covered by the Illinoian ice-sheet (Fig. 
15) was again. glaciated during the Iowan epoch. With this exception, 
and· possibly another area southwest of Morrison, Illinois, the Illinoian 
drift-plain within this region is as extensive as the area covered by the 
Illinoian ice-sheet. Its extent is shown on Pls. I and II. 
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Ohara.cter of the Drift.-The Illinoian drift in this region consists of 
gravelly clay (Pl. 10, B.) characterized by !1 large percentage of chert 
and dolomitic limestone pebbles. Many of the chert pebbles are angular7 
as if not subjected to long ·wear beneath the ice. In its large percentage 
of chert and limestone pebbles, it differs from the Kansan drift. Its 
color is usually reddish or reddish-brown, but it is sometimes yellow. 
Leac}1ing and weathering have not extended so deep as in the' Kansan 
drift. ':Che usual thickness of the Illinoian dr,ift is 30 to 50 feet, but 
some records of a much greater thickness were obtained. 
The drift is overlain by loess, which generally conceals it. Exposures 
may occur in . deep road cuts, in gullies, and on steep valley slopes where 
the loess has been eroded away. 
The Topog1•aphy of th.e Illinoian Drift-Plain.-vVhen the Illinoian ice-
sheet melted, it left a plain of slight relief except that the larger valleys 
remained unfilled. Many of the smaller valleys were probably com-
pletely filled by the Illinoian drift. .On the uplands farthest away from 
the main drainage lines, remnants of this plain still remain much as the 
ice left it. This is the case northwest of Davenport, east of Mt. Carroll, 
and in places on the Garden Plain, Coe, and :Moline uplands. But most 
of the Illinoian plain within this region is now ditsected by valleys, whose 
development has been favored by the existence of the large valley., of the 
region, which the drift did not fill. The relief of the dissected part of 
the Illinoian drift-plain i., from 50 to 100 feet. The less ' advanced 
erosion of the Illinoian drift, and the undissected remnants of the orig-
iwil plain distinguish this area from the Kansan drift-pla.in. 
'HE SA.NGA.M:ON INTER-GLACIAL EPOCH. 
rrhe inter-glacial epoch following withdrawal of the Illinoian ice-
sheet is known as the Sanga.mon epoch . Erosion was in progTess during 
this interval, and the more advanced erosion of the Illinoian drift surface 
as compared with that of the Iowan, gives. some suggestion of the dura-
tion of the Sangamon epoch. 
THE IOWAN GLACIAL EPOCH . . 
The ice-sheet of this epoch is called the· Iowan, because the drift ~t 
left is best known in Iowa. The ice which reached this region in this 
epoch was the eastern extension of a large sheet farther west, ai1~ 1\tJis 
in turn was a part of the great ~orthern ice-sheet of_ that ~ime. Bf;li h rn 
Area Oovered.-The Iowan ICe-sheet entered th1s reg10n tf[jiq9J~t 
west and advanced eastward along the Wapsipinicon valley,i:)~11fe J?pj-0~1 
able area covered at the time of its maximum extensio~-~nJ~o:-wor;Wt: 
Fig. 16, which i based upon tl~e· maps of the Iowa Ge~W.~gfi1i· · ·i· e¥::>i_of Arec~ of Exposed I owa.n Drtft.-N o part of the ~ltf. o<N-'lt . .at£.~ 
Iowan ice-sheet within this region wa afterward gjJi}.Eflamq,'9 , · ~t!Wi 
drift-plain is therefore, the same as the area . o~r~o~~1fa£cf.2~·-~ ~rJptffi: . 
B ot sts.aodTB:l smH at.i: lo 
1 "Maps of .the Superficial D eposits of Scott COlji(J}t:l{) (l W~ffrl}i: lfff:fu&J'~J.,df1J.51i1 
Vol. IX, p. 492. Clmton county, Udden. Vol, XV, p. 41~ . 
.. -····- I; • 
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this region. In this statement and in the corresponding statement with 
regard to the Kansan and Illinoian drift-plaiJ?.s, the areas now covered 
by the alluvial flats of the great valleys and by the sand dunes, are left 
out of consideration. The extent of the Iowan drift-plain is shown o~ 
Pl. I. 
...... C L I 
'' ........... 
---
s ·c o 
E 
FIG. 16. Sketch map of this region showing the probable maximum extension 
-of the Iowan ice-sheet. 
Oha.mcter of the Drift.-The Iowan drift of this region is more sandy, 
and has a larger propoTtion of pebbles, cobbles and bowlders, than 
-either the Kansan or the Illinoian drift. This shows in the till and also 
in the associated deposits of stratified drift. The color of the drift is 
yellow, similar to the Kansan. Because of the slight development of the 
loess over the Towan drift, it appears at the surface much more fre-
quently than do the other drifts. Road cuts are few, for the topography 
is ·relatively even, but such cuts as _ occur and the shallow valleys show 
frequent exposures of the stony drift. The Iowan drift is seldom leached 
of its lime carbonate to a depth of more than a, foot or so, and where 
the loess _ occurs it may l;>e calcareous up to the base of the .loess. The 
<:ARMAN,) THE PLEISTOCENE PERIOD. 41 
Jrift of this age is thin, usually forming only a thin veneer of 5 to 10 
feet. Thicker deposits of quicksand and beds of gravel occur frequently 
in the drift, and some of them probably mark the courses of valleys on 
the surface of the Kansan drift which were filled with Iowan drift dur-
ing the advance of the Iowan ice-sheet. 
Loess laps up on the margin of the Iowan drift for seve~·al miles, 
.and occurs in patches over all of the Iowan plain, but it does not form 
.as complete a covering as over the Kansan and Illinoian drift sheets. 
At the margin of the Io·wan drift, where the loess is continuous with that 
Df the adjoining region, the loess often has a thickness of 10 to 15 
feet; but over much of the plain the thickness is but 2 to 4 feet, or 
it may be entirely absent. Sand areas are numer~us on the Iowan plain, 
usually extending in a west-northwest to east-southeast direction. The 
sand is usually covered with. grass sufficient for pasturage. The more 
level uplands and the swampy areas have a black humus soil 6 to 12 
inches, or rarely a few feet in thickness. It is thickest where the land 
is flattest and absent where the slopes are such as to have allowed much 
erosion. 
Bowlderrs.-Over the Iowan .plain, bowlders are frequent and in some 
places numerous. They are of igneous rocks (coarse grained granites 
and dolerites), and are usually 1 to 3 feet in diameter, but sometimes 
much larger. Two miles south of Low Moor, Clinton county, Iowa, in 
the S. E. quarter of Sec. 34, and N. E. quarter of Sec. 3, is an area 
where surface bowlders abound. In clearing the land for farming, . the 
bowlders are usually removed and piled along the fences, or if too large 
to be moved easily, are buried by digging pits· at the sides, and allowing 
them to fall in, the burial being deep enough so that the plow may pass 
over them. It is frequently reported that bowlders appear again after 
a few years in fields from which they have been removed or buried; 
that is, the bowlders are thought to wo~·k upwar3.. On slopes this may 
be partly due to erosion which by lowering the surface exposes the 
bowlders; but the phenomenon is most common pn level swam_Ey up-
lands. The raising of the bowlders is similar to the raising of fenae 
posts in wet lands in winter, a phenomenon welllmown to many farmers. 
Ice occupies more space than the water from which it was formed, as 
shown by the bursting of vessels in which water freezes. When the 
ground (really the water in the ground) freezes, and the water in the 
pore of the soil becomes ice· and expands, the bowlder is pressed. upon 
from all directions. If movement takes place as a result of this pressure, 
it will more _probably be upward than in any other direction, because 
that is the direction of least resistance. The earth crowds in under 
the bowlder so that the latter does not settle back to its former position 
when the ice melts. Although this movement must be very small at 
any one freezing, it may be that in course of tim~ such small movements 
are sufficient to force the bowlder up nearer to the surface. Figure 17 
is a diagram to illustrate the suggested explanation. _With this explan-
ation it is evident that the phenomenon would be most prominent in 
wet ·places where the gTound is saturated, and where the change from 
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water to ice takes place oftenest. If the burial of a bowlder is to be 
permanent, m:ost of it must be sunk below the depth to which the ground 
water freezes . 
• 
t 
FIG. · 17. Diagram to illustrate a possible explanation of the phenomenon of 
rising bowlders. The bowlder is pressed upon from all sides by the frozen earth. 
This· may crowd it up to the position shown by the dotted outline. 
In the abandoned valley east of Albany, Whiteside county, Illinois, the 
valley bottom is strewn with bowlders, and Nome occur well up the 
lopes toward Albany. Bowlders 2 to 6 feet in diameter · are very com-
mon, and some are much larger. They con ist of very coarse grained 
red and gray granites, and dark colored igneous rocks, and look much 
like the bowlders of the Iowan region west of the Mississippi. One of 
these lying on the bottom of the channel south of the roa .::l running east 
from Albany is a rectangular block of reddish-gray granite 18 feet 
long, 15 feet wide and 12 feet high (Pl. 11, A.) ~t a distance, this 
bowlder looks very much like a hay stack, and is reported to have been 
sold as such several times at bargain prices. The volume of the ex-
posed part of the bowlder is about 3,200 cubit feet, which, with a specific 
gravity of 2.65 would give it a weight of about 268 tons. 
The Topography of the· Iowan Drift-Pla~in.-The topography of the 
Iowan plain is the smoothest of the upland areas. Much of it is es-
sentially as the ice-sheet left it. Parts of it are so fiat that ponds and 
swamps exist during wet seasons in many places. Good examples of 
this even topography are found around Low Moor, Clinton county, 
Iowa. North and east of this place a swamp formerly covered an area 
of several square miles, but most of it has been drained by tiling and 
ditching, and :now forms excellent farming land. South of Low Moor, 
swamps and ponds 10 to 20 acres in extent frequently occupy shallow 
depressions in the upland. 
The drainage of the more level portions of the Iowan plain L through 
depressions which existed when the ice retreated. Their courses may 
be very irregular, and the gradients so low that the water creeps along 
througJ:l swampy tracts rather than flows as a stream. Where the gr~di­
ent is a little greater, the stream cuts a shallow channel along the middle 
of the depression, and this channel drains the· level portion on either 
Picle, which ea.rlier may have been swam,py. This is the condition of the 
former swamp area east of Low Moor. 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 11. 
A. Glacial bowlder on the bottom of the abandoned channel east of Albany. 
lllinois. 
B. Sand coated paha ridge in Sec. 5, Union Grove township, Whiteside 
county, Illinois. 
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The drainage of the Iowan drift-plain is very youthful. It is the 
drainage of an upland plain of slight relief, where valleys have not yet 
advanced far in their development. Around its margin adjacent to 
the l\Ii sissippi and vVapsipinicon lowlands, the Iowan plain has been 
cut into by many small valleys. These started as gullies on the steep 
slope separating the lowland and the upland, and are working head-
ward into the upland plain. In time these valleys and their tributaries 
will extend to every part of the Iowan plain, and dissect it to the more 
advanced E-tages hown in the Illinoian and Kansan drift-plain. 
The general elevation of the Iowan plain is 680 to 700 feet, being 
40 to 80 feet lower than the Kansan to the north, and the Illinoian on • 
the south side of the Wapsipinicon (Fig. 18). To the north, the Iowan 
plain becomes more rugged as it approaches the Kansan plain, and for 
a distance of 3 to 4 miles from the boundary, is quite well dissected. 
Th~re io a considerable slope from the Kansan plain clown to the Iowan, 
and on the south the latter slopes gently off to the Wapsipinicon bot-
toms (Fig. 18). 
FIG. 18. Generalized surface profile showing the relation of the Iowan drift-
plain to the Kansan to the north, and the Illinoian to the south. 
The Paha .. -rrhe surface features of the Iowan plain include besidea 
those of erosion, long low swells and shallow depressions ·which have a 
west-northwest to east-southeast direction. These may be merely slight 
flutings or irregular lenticular elevations; but in some places they are 
elongated hills or ridges with well rounded contours and even slopes 
(Pl. 11, B). These hills, called paha by McGee} are characteristic of 
this part of the Iowan plain. They have their best development to the 
west and northwest in Iowa.2 A few scattered paha are found in south-
ern Clinton county. They occur in isolated elongate hills, or as a series 
of hills joined end to· end. They rise 5 to 40 f~et above the plain, and 
range in length from a fraction of a mile to several miles, with an aver-
age of about a mile. The usual width is about a. fourth of a mile, but 
this varies greatly. The side slopes aTe convex. 
There is a good example of a paha near the east end of the Iowan 
plain in the N. lj2 of Sec. 31, T. 81 :N ., R. G E., 3 miles west of C'a-
manche. The hill has the usual west-northwest to east-southeast direc-
tion, an elevation of 20 to 30 feet, and a length of almost a mile. The 
1 McGee. U. S. Geol. Surv., Eleventh Ann. Rept., Pt. I, p. 220. 
2 Norton. Iowa Geol. Surv., Vol. XI, 1900, pp. 356-366. 
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surface material is sandy loess down to a depth of 18 inches. Below 
this, fine sand extends to a depth of a.t least 3 feet. Mr. Willett, who 
lives at the west end of this ridge, struck rock in his well at 10 to 18 
feet, the material immediately overlying the rock being blue clay. 
Further west o'h the I-owan plain, paha ridges are more numerous. In 
T. 81 N., R. 5 E., southwest of Elvira, a long narrow paha ridge ex-
tends from the middle of Sec. 6, in an east-southeast direction through 
Sees. 5 and 8 to the Goose Lake channel. On the east side of the chan-
nel the ridge continues through Sees. 9 and 10, making a total length 
of more than 3 miles. It encroaches upon the Goose Lake channel from 
either side, and has evidently -been cut across by Brophy creek. The 
ridge consists of a nmnber of elongate hills joined end to end. West of 
Brophy creek, the surface of the ridge is very sandy, and the hills on 
its crest are largely of wind driven sand. Fine sand is exposed in the 
east bank of the creek where it cuts the ridge. Farther east its surf~ce 
is overlain by loess and black soil. Exposures in the road cut on the 
south line of Sec. 5, and well records, indicate that this paha ridge con-
sists largely of sand. -
Few da.ta were obtained as to the structure and composition of the 
paha. To the west of this region in Cedar county, Iowa, Professor Nor-
ton finds that they ha.ve a core of glacial drift with a veneer of sand, 
Bilt, or 1oess, and that the drift appears at the surface in some cases.1 
Just how the paha originated has not~ yet been satisfactorily made 
-out. The uniformity of direction, the smoothness of the slopes, and the 
core of drift indicate that they were deposited and shaped -by the ice 
which over-rode the region; but as a few are known to occur beyond the 
· Iowan drift area, out on the Kansan, their connection with a particular 
ice-sheet is not clear. The sand and silt covering the paha, or according ', 
to the account of McGee making the paha, were thought by him to be 
the deposits of streams flowing beneath the ice, or in ice-bound chan-
nels cut through the ice near its margin. The surface sand .and silt of 
the paha have been reworked by the wind in many cases, and piled up 
into mounds of sand on the crests of the paha ridges. 
Th(}. Iow·an-Like Area Southwest of Morrison.-At about the same 
--time that the Iowan ice-sheet from the northwest invaded this region, 
an ice-sheet advancing from the northeast across northern Illinois, 
reached to eastern Whiteside county. It was really a part of the same 
ice-sheet for both were marginal lobes of the great ice-sheet to the north. _ 
Between the areas which can be referred positively to the ice which 
moved in from the northwest or the northeast, there is an a.rea of drift 
·with Iowan-like topography, south and southwest of Morrison. Part of 
this area is shown in the eastern part of the Cordova map, east of the 
Cattail valley in Union Grove township, Whiteside county. On Pl. I 
this area is not separated from the Illinoian drift-plain. The topography 
-of this area is more even than that of the Garden Plain upland west of 
the Cattail valley, or the region north of Union Grove township. Much 
1 Nort-on. Iowa Geol. Surv., Vol. XI, p . 360. 
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of the surface has been but slightly affected by erosion, and is charac-
terized by lenticular hills and ridges having a west-northwest to east-
outheast direction, like the paha ridges of the Iowan plain west of the 
~fississippi. These paha ridges are prominent for several miles east of 
the Cattail slough, and occur south and southeast of Morrison. Gopd 
examples may be seen in Sees. 4, 5, 8, and 9 of Union Grove township. 
One of them in shown in Pl. 11, B. 
At the· north end of Cattail slough, west of Union Grove, the bluff is 
bordered by a belt of dunes the sand of which is still shifting. East of 
this in the sections west and southwest of Union Gro've, the paha ridges 
are largely of fine sand, and the intervening spaces are coated with 
sandy loess. Farther southeast, the san9. gives place to sandy loess, but 
the typical fine grained loess is rarely found. Bowlders are reported to 
appear in the fields 3 to 4 miles southeast of Morrison, and a few were 
seen near Union Grove. Drift exposures are few because of the even-
ness of the topography, rather than because of the thickness of the loess, 
but where seen it is composed of yellow gravelly clay. . 
The relation of this Iowan-like area southwest of Morrison: to the 
Iowan ice-sheet from the northwest and the northeast ·has not yet been 
determined. It is· separated from the Iowan areas on the west by the 
high Garden Plain upland, and from the Iowan area on the east by an 
~rea of more mature topography southeast of Morrison. 
THE PEORIAN' INTERGLACIAL EPOCH. 
The .Iowan glacial epoch was followed by the Pe01·ian inte1·glac0-.l 
epoch. But as no later ice-sheets entered this region, the erosion of 
this interglacial epoch cannot be distinguished from that of later time. 
For all of this region, except the valley bottoms, erosion has been con-
tinuous since the withdrawal of the Iowan ice-sheet. 
THE WISCONSIN GLACIAL EPOCH. 
The ice-sheets of the Wiscon in epoch did not reach this region, but 
indirectly they produced effects of considerable importance. 
D eposition in the Ma.in VaUeys.-With the advance of the Wisconsin 
ice-sheet over the upper parts of the basins of the Mississippi anJ Rock 
rivers, these streams received the floods from the melting ice, and carried 
them across this region. When the waters left the ice front, they were 
heavily loaded with gravel, sand, and silt, much of which was deposited 
near the margin of the ice. But a considerable quantity of this debris 
was carried d.pwn the valleys. With a gradually decreasing gradient, 
the streams dropped a portion of their load. Gravel and sand were 
deposited in the channels of the streams and raised them to the levels 
of the flood-plains, and then the streams wound about on these plains. 
When the valley followed. by the Mississippi was built up (aggraded) -
to the level of one of the abandoned channels of the region (such as the 
Cattail or Meredosia channels), both courses were followed by the water 
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at the same time, or at successive tim:es and both were built up. This 
aggradation continued until the valley floor was raised to tJ~; level now 
represented by the second bottoms or terraces, about 62u feet above 
sea-level and about 40 feet above the Mississippi. 
Part of the valley plain built up at this time has been lowered since 
by the erosion of the river. The part which has been brought low forms 
the flood-plains~ and other low-lying lands of the-valley. That part of 
the original plain which remains, forms the second boUmns or terra,ces. 
The boundary between the two divisions is not always distinct, but in 
general the flood-plains are the low lands bordering the rivers, and 
covered by water in times of flood, while the terraces are those level 
plains in the valleys which are above the reach of floods. 
The division of the lowlands into flood-plains and tenace is the 
result of erosion which ha taken place since the glacial period and the 
features developed by this erosion might be described in a later chapter; 
but the depo its which make the terraces, and underlie the flood-plains 
were laid down in the Wisconsin glacial epoch, and the flood-plain 
and terraces will be described here along with the de cription of these 
deposits. 
Th e Terraces o1· Second Bottoms. 
The JJiore Important Areas of Second Bottom .-The areas of second 
bottoms are shown on the accompanying maps (Pls. I and II). They 
occur in the broader parts of the Mississippi and tributary valleys. The 
largest area of this sort occurs on the Illinois side of the river ·between 
the Garden Plain upland on the south, and the narrowing of the valley 
a.t Savanna on the north. This area is about 15 miles long, and 2 
to 4 miles wide. A second large area of seeond bottoms occurs in Cor-
dova township in the north end of Rock I sland county, between the 
Mississippi on the west and the channel of the ~!feredosia slough on the 
east. On the Iowa side, a small area of the same sort i found in a re-
entrant in the bluff just south of E]k River Junction, and from Chnton 
south to the mouth of the vVapsipinico~, most of the area between the 
river and the bluff is above the level of flood waters. Many other small 
areas in the ~fississippi valley belong to this division as may be seen 
from the map. Areas of second bottoms occur on both sides of the 
Wapsipinicon, -and a.t its mouth they join with those of the Mississippi 
valley. Small portions of Rock river and Meredosia bottoms north-
west of Erie are well above flood waters, but the larger part is low and 
swampy. 
General Chara.cteristi.cs.-The second bottoms usually lie between the 
flood-plains on the one hand and the valley bluffs on the other, as shown 
diagramatically in Fig. 2, p. 3. Where the valleys are narrow, as the· 
Mississippi vaHey below Princeton and Cordova, the second bottoms are 
absent, or represented by very narrow. benches (terraces) only. Where 
the va.lleys are broad, as the Mississippi valley above Clinton, the second 
bottoms may attain considerable width. They may occur on one or both 
sides of the river, and if present on both sides, they are usually of un-
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 12. 
A. Exposure of sand and gravel, in the bank of the Mississippi river, just 
south of Hampton, Rock Island county, Illinois. 
B. Cordova Flats. Hock Island county, Illinois. 
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equal width. In thi region, the second bottoms of the main river -ralleys 
are continuous with level plain in the valley , such as the Cattail and 
Meredosia valley , through which n<? streams now flow. 
The elevation of the terraces of the Mississippi valley commonly 
range from 590 to 610 feet above sea-level, and about 40 feet above the 
stream. They are highe t north of Savanna at the mouth of Rush creek, 
where the terrace ha an eleYation of more than 620 feet . . To the south 
the terrace level decline at about the ame rate as the river. The ter-
race ri..,e gradually toward the bluff and gTade into the talus slopes 
without harp demarcation (Fig. 2). Toward the river the terraces 
de cend, sometime abruptly, sometimes gradually, to the flood-plain 
level about 20 feet below. From, Cordova to the upper end of the 
J\Ieredo..,ia dough, the flood-plain i ab ent, and the terrace plain fronts 
the riYer directly, and rises 35 to 50 feet aboYe it. 
The surface of the "econd bottom is usually rathe~ flat (Pl. 12, B.) 
but the flatnes i interTupted locally by slight depression .and eleva-
tions. The depressions are broad and shallow, generally elongate in the 
direction of the valley. 'ome oi them are occupied by swamps and 
shallow lakes. 
On the line between Carroll and ·white ide counties two miles south 
<>f the village of Thom on is a wamp and lake which for~erly covered 
an area of ..,everal square miles (Pl., I.) It i fed by Johnson cr~ek 
from the northeast. A drainage ditch ha recently been cut from the 
wamp south to Otter creek, and a considerable part of the swamp has 
been reclaimed. Another large warn p extend from the north line of 
Sec. 1 , York township, Carro]] county, north along the -bluff through 
Dyson and Idens lakes to the s'harp bend of Phim river, where that 
tream leaves the bluff "'outheast of SaYanna . This area is 10 to 15 
feet Jo,ver than the plain to the west, and on the east it extends to the 
ba e of the talu slope of the bluff. It is almost a mile in width, and 
more than five miles long. Dyson, Idens and several smaller lakes are 
permanent boc1ie of water in this swamp. Plum river used to flow into 
thi swamp in times of flood from it bend in Sec. 13, Savanna township, 
but a dam aero the northern end of the swamp now prevents this. 
The mo~ t conspicuous elevation on the second bottoms are the sand 
dunes. 'Yhere they occur, as at Ebner north of Fulton, and east of Cor-
dova, the topography i . uneven, . and the elevation usually higher than 
that of the urrounding . 
The oil of the second bottom i. usually black and andy, 'but it 
grades to humu "'oil in the swam'ps, and to nearly pure sand in the 
dune areas. In all place , however, sand or gravel is found at the depth 
()f a few feet. On the whole the second bottom form one of the most 
fertile area'" ·of the region. Their rich loose oils are well adapted to the 
. cultivation of potatoes, and this is one of the chief crops of the area. 
Corn is al o extensively grovin upon them. The more sandy portions, 
as around Thorn on and farther north, yield large cro·ps of melons. 
48 THE MISSISSIPP [ VALLEY. (BULL. NO. 13 
The Flood-Plains. 
The 11nporta.nt Flood~P.lains.-The ·areas of flood-plains are shown 
on the accompanying maps (Pl. I and II). rrhe most extensive are in 
the Mississippi valley between Savanna and Clinton, along the Mere-
dosia slough, and in the Rock and Wapsipinicon valleys~ -
The flood~plain between Savanna and Fulton is one to two miles 
wide, and is separated from the second bottoms which occupy the east 
part of the valley, by an abrupt rise of 10 to 20 feet. :Near the river, 
the flood-plain inclvaes numerous bayous which cut off long strips of 
land from the mainland and form islands accessible during only a par.t 
of the year. A marshy tract lies east of Fulton island, and at flood times 
water passes through this swamp to Cattail creek, and joins the :i\1issis-
sippi two miles to the southwest. 
Starting from the upper end of the Meredosia slough just south of 
Albany, a belt of swamp land runs south-southeast around the northeast 
corner of the Coe upland to the Rock river just east of Hillsdale. To 
the east of this belt of swamp land, in Erie, Newton and Fenton town-
ships of \Vhiteside county, there is a large tract of land really above 
the reach of the floods, but it possesses the characteristics of the flood-
plains, rather than those of the second bottoms, and is therefore mapped 
with the former (Pl. I). 
Geneml Oha.radm·istics.-The flood-plains rise 15 to 20 feet above 
the river level at ordinary stages of the stream~ Their surfaces are often 
marked by broad shallow channel-like depressions, followed by the flood 
waters. Near the main . channel these depressions may contain water 
most of the time, and from, a network of bayous with intervening areas 
of swampy timbered land. Swamps and ponds are numerous over most 
of the flood-plain areas. In wet seasons tl1ey are covered with water, but 
in dry seasons they are accessible for pasturage. 
The surface material of the floodplains is an alluvial soil, usually 
black and rich in humus. It has a thickness of 5 to 15 feet. In the 
Mississippi valley above tp.e Narrows, and in the Meredosia valley, this 
soil rests on sand, while in the :Mississippi vaUey below the h~ad 9f 
the Narrows, and in the Rock River valley, it rests on a rock-floor. 
Where the slope is sufficient to drain the land, the fiood.-plains form 
good farming land. The soil is more compact than that o·f the second 
bottoms, and corn is the chief crop of. the a.rea . 
A large tract of land at the union of the Meredo ia and Rock River 
valleys, in Newton and Erie townships of Whiteside county was formerly 
so swampy as to be of little value. But much of it has been drained 
by ditches, and is now valuable farming land. The surface material 
is a mucky blue to black -soil, two .to three feet thick, overlying a yellow 
sandy deposit. The black surface material is sometimes of a peaty 
nature. 
T'he Ma.te~·ial of the Lowlands. 
Below the thin soil horizon of the second bottoms and of most of the 
flood-plains, occurs the sand and gravel deposits of the ·wisconsin ghicial 
epoch. These materials are exposed in a number of cuts in the region, 
ancl are penetrated by the wells of the lowlands. The material is very 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 13. 
A. Pebbles of one of the gravel layers shown in Pl. 10, A. 
B. Cross bedded sand in a pit of the G., R. I. & P. Ry. Co., a mile south-
west of Rock Island. 
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loose, and driven welL are the rule on the broad flat north of Fulton. 
At many places on this fiat between Thomson and Fulton, a layer of 
clay about a foot thick is reported to exist at a depth of 4 to 10 feet. It 
·is nearest the surface on the lower parts of the fiat, and farther down 
\dwrc the surface rises. Below the clay, sand and fine gravel go down 
as far as the wells have penetrated. 
Expo ·ures showing the structure of the sand, were found only in 
artificial excavations, usually in fresh sand and gravel pits. The sand 
is fine-to-medium grained, with occasional layers of coarse sand and 
grayel. It is stratified and cross bedded. The thicker layers are 
essentially horizontal, but layers of~en thicken or thin late,:r;ally, or 
pinch out entirely. rrhe lamin::e of the main layers may be inclined at 
any angle up to 20° to 30, 0 , but they nearly all dip down stream (Pl. 
13, B). The lamin::e vary in thickness and composition. 'l'hose c:on-
taining ome clay are more or less impervious to water, and ·when moist, 
8tand out on the face of the pit. 
A mile southwest of Elk River Junction, · about 10 miles north of 
Ulinton, near the north line of Sec. 31, Elk Hiver township, the C. & J.:T. 
\Y. Ry. Co. has opened a large sand pit;in the edge of the tmrace. The 
upper 15 to ~0 feet consists of fine-to-medium gTained cross bedded 
sand, which rests on fine gravel, made up largely of dark colored pebbles. 
A well at the farm house just north of the pit, go~s ()5 feet in sand 
and grave], and stops in coarse gravel. A detailed section of a portion 
of this sand pit, as seen on one of the visits to it V\rill serve to illustrate 
the general characteristics of this and all other exposures of valley de-
posit een in this region. 
Section of the bank of a sand pit of the C. & N. W. Ry. Co. a mile 
outhwcst of Elk River Junction. Number 1 is at the bottom and num-
ber 12 at the top: 
12. Sand, passing up into soil; does not show structure · . . . . . . . 4 feet 
11. Steeply inclined laminre of coarse and fine sand . . . . . . . . . . . . 12 inches 
10. Horizontally bedded fine sand, containing layers of coarse sand 18 inche3 
9. Inclined_, alternating layers of coarse and fine sand ......... ·2 feet 
8. Alternating layers of pure sand and more or less clayey sand. 6 inches 
( 5) Impervious sand . . . . . . . . . . . . . . . . . . . . . . . . 1 in. 
( 4) • Fine grained sand . . . . . . . . . . . . . . . . . . . . . . . 3 in. 
( 3) Impervious sand . . . . . . . . . . . . . . . . . . . . . . . . 1 in. 
( 2) Coarse sand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 in. 
(1) Impervious sand .................... .. .. Y2 in. 
7. Coarse sand; highly inclined yeHow and black laminre. . . . . . 6 inches 
G. Horizontally bedded sand, some layers of which are rela· 
tively impervious to water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 in ~hes 
5. Inclined laminre of fine grained sand; laminre differ in size 
of grain, porosity, induration and resistance . . . . . . . . . . . . . 8 inches 
4. Fine grained sand; so moist that bedding is barely dis tin· 
guishaple . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 inches 
3. Silty sand; compact and impervious . . . . . . . . . . . . . . . . . . . . . . . . . 1 inch 
2. Slightly inclined layers of medium grained sand, with thin, 
relatively resistant layers in which the sand grains cohere, 
and thicker layer's of loose grains. Resistant hyers stand 
out on ·the surface~ ......... . . . : . ... ...... ........ ... ... 15 inches 
1. Talus slops extending to the base of the pit ........... 6 to 8 feet 
--!: G 
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Very coarse sand and gravel is exposed in a 15 foot bank at the edge 
of the river, just south of the village of Hampton, Rock Island county; 
Illinois (Pl. 12 A). At the base there is gravel, some beds of which 
are 2 feet thick, interbedded with thinner layers of coarse sand. The 
pebbles of the gravel layers range up to 2 inches in diameter, but a 
large percentage of them fall between % and 1;2 inch in diameter (Pl. 
13A). They are almost wholly of igneous rock, only one limestone 
pebble- being found in 100 taken at random from the bank. The gravel 
becomes less abundant toward the top and the uppermost 4 feet of the 
bank is of fine sand, with only an occasional pebble. 
Other · good exposures, showing the structure of the valley deposits, 
were seen in a sand and gravel pit in the west part ·of LyonB, in a pit 
of the C., M. & St. P. Ry. Co. in the terrace front just south of the 
Wapsipinicon river near tbe south line of Sec. 23, Princeton township, 
in a pit of the C., B. & Q. Ry. Co. south of their tracks 2 miles east of 
East Moline, and in a pit of the C., R. I. & P. R,v. Co. (Peoria Branch) 
, about a mile south of t1'Je west encl of the city of Rock Island (Pl. 13 B). 
· Less perfect exposures occur in many places throughout the region, and 
may be looked for wherever an excavation cuts the valley flat. From 
the exposures seen the valley deposits appear to coni3ist of coarser ma-
terial _ in the northern portion of the region,., than in the southern. 
The thickness of the sand and gravel deposits of the valleys varies 
with the unevenness of the rock-:floor below. Data are wanting con-
cerning much of the region, and other portions are known only in the 
most general way. North of Fulton, on the broad valley flat of the Illi-
nois side, the wells are all shallow, the deepest being the town well at 
Thomson, which has a depth of 37 feet, all in sand and fine gravel. 
The deep well at Sabula passes through 165 feet of alluvial filling be-
fore striking rock. The wen at Fulton reaches rock at about 200 feet, 
and a boring at the Clinton brewery between Clinton and Lyons is said 
to have passed through 287 feet of sand and gravel, and to have stopped 
without reaching rock. A well in the northwest part of Ca.mache pene-
trates 73 feet of sand and graveL Two wells in Sees. 8 and 17 of Cor-
dova township, Rock Island county, strike .rock at a deptp of about 100 
feet. Farther east on the Meredoeia bottoms toward Erie no well rec-
ords of more than 40 feet were obtained. The surface material of the 
Wapsipinicon bottoms is frequently a black loam, ot a sticky gumbo 
clay,, but these materials are no more than a few feet thick and beneath 
them sand and gravel extend to below the bottoms of the deepest wells, 
which are, however, only 35 to 40 feet deep. 
No sand or gravel de;posit is pres~nt in the Mississippi valley below 
the head of the Narrows or in the Rock River valley. The rock-floor 
is reached below a few feet of soil and river alluvium. 
DEPOSITION IN THE SIDE VALLEYS. 
While the main valleys were being aggraded by the flood vYaterR of the 
Wisconsin glacial epoch,. the lower courses of the tributaries were ob-
·structed by the filling of the main valleys to which they flowed. This 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 14. 
A. Terrace front on the south side of the valley in Sec. 20, Mt. Carroll town-
ship, Carroll county, Illinois. 
B. 
no is . 
Looking east across the swamp of Cattail slough, Whiteside county, Illi-
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made the tributaries slack in their lower courses, and the sediment 
brought in by them was deposited in these slack water tracts. Flat.:: 
were thus built up in the lower courses of the tributaries corresponding 
in elevation to that of the main valley. The material was local to the 
tributary's drainage basin, and consisted largely of fine silt and clay 
from the drift and loess of the upland. Deposited in the lower parts of 
the side valleys, it formed a laminated clay deposit. 
Since the time of maximum valley filling of the Wisconsin glacial 
epoch, the filling of the side valleys has been partly removed by the 
streams. Those parts of the original fiats which remain, now constitute 
terraces in the sides of the valleys. The pricipal terraces of this sort 
are shown on the accompanying maps (Pis. I and II), and will be re-
ferred to in the succeeding paragraphs. In mapping the terraces of the 
side valleys all ·areas showing the characteristic terrace deposits were 
include.d even though the terrace form is not shown. 
Gene1·al Cham.ctm-istics of the Side Valley Terra.ces .--The terraces 
are best developed just above the uri.ion of the small valleys with the 
Mississippi. They become less prominent farther up the valleys and are 
seldom distinct more than 2 miles from the Mississippi bluffs. The 
terrace areas are small and patchy, and seldom continuous for more 
than a fraction of a mile. They rise 20 to 40 feet above the creeks, and 
at the mouths of the valleys they seem to be continuous, topographically, 
with the terraces of the main valleys. The rise of the terraces up stream 
is sbghtly less than that .of the stream bed, so that they become lower., 
relative to the stream, as the valley is ascended, and finally grade into 
flood-plains. - . 
Along the north branch of Mill Creek, Clinton township, about 2 
miles west of the city of Clinton (Pl. I), in W. lj2 of Sec. 11, a good 
terrace occurs on the west side of the valley about 25 feet above the 
flood-plain of the creek and nearly 40 feet above the stream bed. It 
has in some places a width of 30 to 40 rods and continues along the 
valley for more than half a mile. Farther up the creek other smaller 
patches of terrace occur at interYals for a couple of mile:?. 
A good terrace borders a small creek which joins Otter creek from 
the north, near its mouth. This creek flows south through Sees. 4, 9, 
and 8 of Ustick township, Whiteside county, Illinois, parallel to and 
about a mile east of the Mississippi bluff (Pl. I). For more than a mile 
up this creek a steep terrace slope of 15 to 25 feet fronts the channel of 
the stream, though the terrace fiat above is narrow. Terraces occur 
along the ]ower course of Plum river northeast of S·wanna (Pl. II), 
along Elk river in the S. lf2 of Sec. 18, Elk River township, Clinton 
count:v, Iowa (Pl. I), in a small valley 3 miles north of Lyons, and in 
small patches in many other tributary valleys (Pl. 14, A) .. 
The Constitution of the Side Va.lley Terraces.-The material of the 
terraces ·of the side valleys is of two classes, a blue or il.rab clay below, 
and a horizon of variouslv colored laminated clavs and sands above. 
The first appears in only a. few of the deeper exposures along the creek 
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banks. It contains considerable organic matter, and often has a mucky 
odor as if it contained decaying organic matter. In a few Cfl , ec; thin 
layers of sandy clay occur near it top; but usually the material con-
tinue unchanged until sl1arply overlain by the h.minatec1 clay::: and 
sands above. The lower clay is sometimes horizon tall.· bedded, but 
u ually the layers are undulating or contorted. Iron staining occurs 
along the bedding plains, and ferruginous concretions of the general 
form of pipe stems are often present. 
E,xposures of the upper member are much more frequent, because it 
overlies and extends beyond the lower division. rrhe material ranges 
from sticky gumbo, through all grades of sandy clay, to sand, and layers 
and lenses of gravel occur in some exposures. Tlie clays consist of vari-
ously colored laminre, red, brown, blue, gray, yellow, ~mel intermediate 
colors, rmd are often embedded "rith colored sanely layers. The upper 
part of the exposure is usually brick reel or reddish-brown clay, while 
the lower layers ·how a greater range of colors. The laminre are some-
times horizontal, but more often inclined and contorecl At the urface 
the material be:eomes a sticky gumbo cla.y, and this is so1metimes the 
only indication seen of the terrace deposits. 
A characteristic section occurs in the west bank of the north bTanch 
of Mill Greek, S. :lj2, X. \V. 1,4 of Sec. 11, Clinton township, Clinton 
county, Iowa. The section is as follows, number 1 being at the hotom : 
6. Laminated clays; yellow, brown, red, gray, blue, etc., with 
layers of sandy clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 feet 
5. White silty clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 feet 
4. Gravel lenses; the gravel is coarse, some pebbles being 3 to 4 
inches in diameter .......... ... ...................... 6 to 12 inches 
3. W~it~ to yello_w stained silty clays. . Contact with pebbles above 
IS Iron stamed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 foot 
2. Gravel and sand; cross bedded, with seams of white silty ·clay 
which are laminated and contorted . . . . . . . . . . . . . . . . . . . . . . . 3 feet 
1. Compact, blue, mucky clay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 feet 
Other exposures of laminated clays may be found along Otter creek 
(Pl. 15, B), Spring brook, Elk river, and in many other side valleys, 
throughout the region. Near the mouth of Duck creek in the N. W. 1,4 
of Sec. 27, Pleasant Valley township, ± miles east of Davenport, the 
blue clay is absent, and the laminated clays rest directly upon a gravel 
clepo$it (Pl. 15, A). 
There is great uniformity in the side valley deposits wherever they 
are exposed throughout the region, and the characteristics are the sam-2 
far south of this region. rr'heir bright colors, thin layers and frequent 
·alternation of layers and colors, n1ake them easy to recognize. 
Small gastropod eheHs were found in the ]aminated Glay :: e~qn:-: erl i ·1 
the south bank of Otter creek, a fourth of a mile above the mouth of the 
valley. ~ o other · outcrop examined yielded fossils. . No fossils were 
found in the blue clay of E1is region) but in Calhoun county, Illinois, 
in side valleT deposits apparentlv identical with those of this region, 
thin seams or layers in the hlue clay contain material in abundance, 
such as sticks, leaYes and gasb:opocl ehelle. 
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b. 
a. 
A. Exposure in the south bank of Duck creek. The base of the bluff a 
consists of ·Coal Measures shales and sandstone, the middle b of glacial drift, the 
top c of laminated clays. 
B. Laminated clays exposed in the south bank of Otter .creek. 
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' J utlt north of the stone quarry in the north part of Leclaire, excava-
tion. have exposed a zone of sticky red clay, about six feet thick, which 
rests upon glacial drift. Farther north in the cuts of the I. & I. Elec-
tric Ry. the bed-rock is overlain by this red clay, which i:r;t several ex-
posures is seen to pass vertically or horizontally into a loess-like clay. 
It is not so thinly bedded or so variously colored as those of the side 
valleys, but it is probably related to them. A bench in the side of the 
valley in Davenport is said to be underlain by red clay which is prob- . 
ably like that at Leclaire, but no exposures were seen. 
In the early ~tages of the :filling, or ·probably before the Wisconsin 
epoch, the blue mud was deposited. At a later stage, most . probably 
contemporaneous with the \Yi consin :filling of the Mississippi valley, 
the variou ly colored laminated clays were laid down. In an exposure 
on Otter creek, the laminated cla~·s appear to extend up over the slope 
of a clune sand accumulation. Else,Yhere in the area, and fa.rther 
south, the clays pass upward into silty clays, and loess-l_ike deposits. 
rrhis is not considered an argument against their assignment to the vVis-
consin epoch, for both loess and sand deposits preceded and followed 
the \Visconsin epoch. The presence of the reel clays in the Narrows 
above Leclaire may mean that this course was at times so clogged that 
it became the site of slack water. 
C ONT'R.A.ST BETWEEN GLA:OI.A.TED AND UNGLACIATED AREAS. 
The effect of glaciation are brought out by a comparison of the glaci · 
ated and unglaciated areas. They differ in (1) topography, (2) drain-
age and (3) mantle-rock. 
TOPOGRAPHY. 
ln the clriftless area the urface features have been completely deter-
mined by stream erosion. The region is thoroughly dissected and a very 
large part of the surface is in slopes. 
rrhe surface feature of a newly exposed drift-sheet, on the other 
hand, are not the result of: erosion. They consjst of well rounded hills 
and broad· shallow clepreesions. \ alleys, gullies, and raYines are absent. 
'rhe drift- heets of this region have, however, been exposed to erosion 
for different periods of time, and have been more or less dissected. The 
Io"Tan drift-sheet of ~ outhern Clinton county has been only slightly 
modified, while the Kansan drift-sheet has been well dissected, and its 
topography i similar to that of the·unglaciated area. On tbe whole the 
topography of the glaciated area is much less rugged than that of the 
ungladatecl area. The relief also is Jess than in the unglaciated area. 
The fantastically weathered columns and turrets which occur along 
the bluffs north ·of Savanna (Pls. 7, B and 8) are not found in the gla-
ciated region. They probably were · preEent along all the bluffs at the be-
ginning of he Plei.Etocene period but they were destroyed by the ice~ 
sl1eet . 
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DRAINAGE. 
The driftless area is well drained. Valleys extend to every part of it..; 
surface. The drainage lines of a portion of the driftless area are shown 
in Fig. 19. 
FIG. 19. Drainage of a portion of the driftless area northeast of Savanna. The 
numbers show approximate elevations above sea-level. Compare Fig. 20. 
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FIG. 20. Draim:ge of a J;>ortion of the Iowan drift-plain of southern Clinton 
· county. Compare Fig. 19. 
CAHMAl\,j . THE PLEI:STOOENE PERlOD. 
rrhe drainage of a drift covered area is at first very irregular and 
there are very few streams. Marshes, ponds, and lakes are often abund-
ant. Most of the drift covered area of this region, however, has become 
quite well drained and streams are more or less abundant. The drain-
age of a portion of the Iowan drift-plain is shown in Fig. 20. 
M.ANTLE-ROOK. 
T'he mantle-rock of the driftless area below the loess is local in or~gin, 
derived from the decay of the bed-rock below. It consists largely of the 
insoluable parts of the rock which have not been a.ffected by weathering. 
It grades downward into the. solid rock (Fig. 12). 
The drift, on the other hand, is a variable mixture of local and 
foreign constituents, and of fine and coarse material. It was deposited 
in its present location by the ice-sheets. It contains both solua.ble and 
insolu.able materiaL Its thickness is variable but usually .much greater 
than the mantle-rock of the driftless area. The drift usually rests di-
nctly upon a .definite rock surface which is often quite smooth (Fig. 
14). The contrast of the contact of the drift with the bed-rock, and of 
the mantle-rock of the driitless area with the bed-rock is shown by com-
paring Figs. 12 and 14. 
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CHAPTER V. 
CHANGES OF DRAINAGE. 
In earlier parts of this report we have already described most of the 
large valleys of the region, but it may be '''ell to summarize the matt:~r 
here and add the description of a few other Yalleys before We attempt 
to discuss their relations to each other. T'he location of the valleys m~y 
be seen on the accompan~ring maps (Pis. I and II). 
VALLEYS WITH STREAJ\1. . 
The Mississippi Valley.-~orth of the K arrows at Princeton the ::\Iis-
-sissippi valley has a width of three to seYen miles and its bottom carrie" 
an alluvial deposit which extends to a depth of 100 to 200 feet below 
the riYer. Southward from the bead of the :Narrow , the rixcr flow 
over a rock bed, and the bottom of the va1ley is but little wider than 
the stream itself. · 
The Rock River Valley .-Rock River Yalle~' has a width of three to five 
miles, and from a few miles below Erie to its mouth, it is known to be 
underlain, at a depth of a. few feet, by a rock floor. At Barstow, the 
riYer makes a sharp hun to the south, flows through a nanoYrcr valley 
for a short distance, and then continues 'il<? ~ t in a line which is a con-
tinuation of the course of Green Ri'ter valley (Fig. 1.) 
The Wapsipinicon Ril'£'1' Va1lley.-The Wapsipinicon RiYer Ya]Je~· . 
three to four miles wide, enters the region from the west, ancl joins the 
Mississippi just north of the head of tl1e Narrows. The bottom of its 
valley is filled with sand to a depth of at least 35 to 40 feet. 
VALLEYS ·wiTHOUT STRE.AUS. 
One of the remarkable features of this region is the great valle:·f: with-
out strea.ms. These valleys a.re shown on the Cor.::1oYa. map (PL I). 
Th e Meredosia Valley.-Three valleys not now occupied by streams 
lead off from the Mississippi to the east, and extend to Rock River valJey. 
The largest of these is the Meredosia valley, opposite the mouth of the 
Wapsipinicon. It is repreeented by the OorooYa flats and tbe 1VIereclosia 
bottoms, and joins the Rock River valley nortlnveet of ErtC'. Its bottom 
is filled with sand to a depth of at least 100 feet. 
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The Cattail Va.ZZevy.-The second streamlees valle~Y is the Cattail 
1rhich, leaYing the 1\'[ississippi southeast of Fulton, passes southeast and 
joins the Rock River 1alley south of Fenton Center. The floor of Cat-
tail valley is mostly swampy (Pl. 14, B.), and much of it is covered with 
water during most of the year, ancl grows only rank swamp gTasses. 
rroward its ends, it is better drained, and more of it is available for cul-
tivation. The valley is underlain by peat which attains a maximum 
thicknees of .25 to 30 feet on the di1ide between the creeks flowing to the 
north and to the south. Below the peat fine sand is fOtmd, but no 
record was obtained as to its thickness. 
Pleasant Ya.lley .. -T11e third streamless valley connecting the :Missis-
sippi anc1 Rock River valleys, is Pleasant valley, which leaves the Mis-
issippi between East Moline and Watertown and extends east to the 
Rock Riwr valley at Barstow. It i 20 to 30 feet above the rivers at 
either encl, and its bottom is covered ·with 20 to 40 feet of sand. 
Goo~e Lake Va.Uey.-The abandoned Goose Lake valley leaves the 
1\II:aquoketa River valley at its eharp bend northwest of Preston, in Jack-
son connt~r, Iowa (Fig. 1.) It extends south across ea tern Clinton 
count~· anc1 joins the Wapsipinicon River valley six or seven miles above 
its mouth. At the cliYi(1e near Goose lake (Pl. I), the floor of the 
c·hannel ha(') an elevation of about 670 feet. ::1 bout 100 feet above the 
Mi~ siesippi. 'l'he uTface nraterial of Goose Lake valley passes down-
wRrrl into :fine sand whic:h is GO to 100 feet thick on the divide south 
of Goose lake. Farther north in Sees. 17, 8 and. 5 of Deep Creek town-
ship, Clinton county, several wells go 110 to 120 feet in sana and fin(' 
g-rayeJ. In the Ponth part of the chq_nnel south of Elvir'a wells 70 to 80 
feet deep do not reach rock·. The surface of the bed-rock at this phce 
is therefore more· than 6.ft~T feet below the level of the Wapsjpinicon 
river, four or five m]les to the south, and more than twentv feet below 
the level of the l\iis issippi at the month of the Wapsipinicon. The 
material is usnall:' largel~- quicksancl, hut in two cases, thick rlcposjf::. 
of clay ,,·ere passen through beneath 20 to 00 feet of quicksancl. 
'l'HE PRm-GLA.CT.AL COUHSE OF THE l\IISSISSIPPI. .. 
The <1Pep well at . Sabula located on the flood-plain (altitude 590 
feet) re1 ebes rock at a depth of 1G5 feet or at 425 feet above sea.-level 
(Fig. 21). The town well at Fulton located near the level of the river 
re?.e:hE:::: roe:k at an elevatioJJ of about 400 feet, anc1 rock has been reached 
at c1CYltions of less than 500 feet, at a number of places in the · Missis-
sippi Ya]ley between this region ·and St. Paul. Pas8ing into the ~arrows 
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FIG. 21. Profiles showing the water level, and the rock-floor of the Mississil)Pi 
valley across this region. 
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the river :fiow on a rock bed which has an elevation of 550 feet (Fig. 
21) at Leclaire, 530 feet at Rock Island and 506 feet at Muscatine. 
Below lVIuscatine, the Mississippi valley again has an alluvial filling of 
100 to 150 feet, and the elevation of the rock-floor is less than -±00 
feet at several places where deep borings have been mad.e. At St. 
Louis the rock-floor is but 284 feet above sea-level, and buried by more 
than 100 feet of alluvial deposits~ . 
From the elevations of the rock-floor and from the width of the 
valley at various points, it is evident that the stream which excavated the 
Mississippi valley above Albany and Clinton did not follow the present 
course of the Mississippi through the rock-bound, rock-floored valley 
from Leclaire to Musc~tine. It must have escaped by some valley whose 
elevation was not more than that of the rock-floor above Clinton. It 
is clear therefore that changes of drainage, on a large scale, have taken 
place in this region, and that the present rivers do not in all cases 
follow the courses of those which preceded them. 
The principal factor, if not the only one, which disturbed the drain-
age of this region was the ice of the glacial period. 
'rhe course of the Mis~issippi above the Narrows is the same as the 
pre-glacial course of the river which drained· this region. But below 
Princeton and Cordova, the present course of the river is not its pre-
glacial course. Below Albany, there are two possibl~ courses, so far 
as now known for the pre-glacial Mississippi. It may have departed 
from its present course ( 1) to th~ west, :flowing up the valley of the 
present Wa.psipinicon, or (2) to the southeast, :flowing through the 
Meredosia valley. But small portions of these two possible courses fall 
within the area covered by this bulletin, and a detailed discussion of the 
questions involved will not be a.ttempted.1 . 
From the discussions of Messrs. Leverett, Udden and Norton, it may 
be stated that the suggested course of the pre-glacial Mississippi in Iowa 
leads up the Wapsipinicon about twenty miles to the mouth of Mud 
creek (Fig. 22), thence. southwest in a direction roughly parallel to 
Mud creek to Durant, thence on into Muscatine county, probably join-
ing the Mississippi just below Muscatine.2 In the portion of the \Vap-
sipinicon valley through which the deepest part of the old course prob-
ably Ja.y, wells go down only 35 to 40 feet in sand and g-ravel, and there-
fore do not tell us whether or not there is a former channel here cor-
responding in depth with the pre-glacial course vf the Mississippi · above 
Albany. Running in a genera~ parallel direction with the course of 
Mud creek, but sometimes two or three miles to the c::outh or east of it> 
there is a pre-glacial valley in which many deep wells have gone down to 
450 feet or less above sea-level without striking rock. One well three 
miles north of Durant ~n the divide between Mud a?d Elkhorn creeks 
1 These questions have been studied by Professor J. A. Udden, Mr. Frank Lev-
erett, and Professor W. H. Norton. and have been discussed by Mr. Leverett in 
The Illinois Glacial Lobe, U. S . Geol. Surv., Monograph XXXVIII, pp. 46;-467. 
The possible course in Iowa has been described also by Professor Norton. Iowa 
Geol. Surv .. Vol. IX. pp. 413-415. 492-493. 
2 See contour may of rock-ftoor of Mu!"cathe county by Professor Udden. Iowa 
Geol. Surv .; Vol. IX. PL VII, p. 322. 
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does not reach rock at 400 feet above sea-level. This channel has been 
called by Professor N orion the Cleona channel/ from a township in 
\Yes tern Scott county. 
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FIG. 22. Sketch map of a part of eastern Iowa showing a possible pre-glacial 
course of the Mississippi river. 
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FIG. 23. Sketch map of a part of western Illinois showing a possible pre-glacial 
course of the Mississippi river. 
1 Norton. Iowa Geol. Surv., Vol. IX, p . 493. 
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The portion of the Illinois course which lies within the area under 
discussion leads down the ieredosia to Rock river in the vicinity of 
Erie. ~ o deep wells occur along this portion of this valley, and the 
elevation of the rock-floor is not known. Southeast from the Rock river 
at E['ie, is a low lying tract of land which continues across Whiteside 
and Bureau counties, to the big bend of the Illinois river above Hennepin 
( :B'ig. 23). For moBt of the distance, the urface elevation is le s than 
650 feet, and the highest point is less than 700 feet. The region i 
covered by a thick body of glacial drift. Several well records collected 
by Professor U dden1 along this course show bed-rock at elevation of 
less than 400 feet. Where the course joins the Illtnois river at Hen-
nepin the rock-floor of that valley has an elevation of 350 feet. 
It is quite certain that in one or the other cif. these course the pre-
glacial Mississippi flowed. Both appear to have rock-floors sufficiently 
low to carry the waters of the stream which excavated the Missis ippi 
Yalley aboYe Clinton, but the data are not complete enough to allow us 
to decide which of these two course was the real one. The two possi-
bilities are shown in Fig . 22 and 23. 
THE EFFECT OF AK ICE-SHEET UPON THE COURSE OF A RIVER. 
·when the ice of a continental glacier moves in the direction of a 
large valley, it fits down into it, and tends to erode it deeper, but when 
the direction of movement is, tramrverse to tha,t of the valley, the htter 
FIG. 24. Diagram showing how a stream may be deflected from its course by 
the advance of an ice-sheet. 
may be filled with ice to the level of the upland, when the ice-sheet mores 
across it upon the ice filling. In this region, t~e ice moved toward 
the :Mississippi rather than along it. \Vhen the ice-sheet encroached 
1 From unpublished notes of Professor Udden loaned to the writer. 
CARMAN.] CHANGES OF DRAINAGE. 61 
upon the Yalley from the west, the tendency was to deflect the drainage 
to the east around the ma~rgin of the ice. Being thus deflected from its 
regular course for a greater or less distance, it was compelle-:.1 to find 
or make a new channel (Fig. 24). \Vhen the ice-sheet withdrew from 
the site of the old valley the stream might have returned to. its former 
course, if the old valley had not been filled with drift. But if the old 
,-alley was largely filled, or if the new channel was cut deep, the stream 
might continue to follow the new course. 
THE SUCCES ION 0.1!~ POBSIBLE DRA.IN..~:WE CHANGES OF THE GLA.CIA.L 
PERIOD. 
If we knew the pre-glacial course of the :Mississippi, it would be less 
difficult to outline the drainage changes caused by glaciation. As it is, 
the subject will ha,ve to be considered with the two possibilities already . 
indicated in mind. 
'l.,his region was e pecially well located for the diverting of streams 
during the glacial period. Three different ice-sheets advancing from 
the northwest, and two from the northeast, had their margins within or 
near thi region, and the floocl waters of a large part of still another 
ice-sheet flowed through the region by way of the Mississippi and Rock 
rivers. Lying just to th"t) south o·f the miglaciated area, the region re-
ceived throughout glacial times a great quantity of water which had 
flowed across the driftless area. 
The succesion of the ice-sheets which entered this region and their 
extent has been given already (pp. 34-44). Some of the valleys which 
are 110w without streams ma.y have· been made, so far as we now know, 
at the time of any one .of the several ice epochs; the age of others 
may be fixed more definitely. Any attempt to trace the succession of 
events and fix the order of changes can result merely in the statement 
of probabilities and possibilities, for the factors entering into the problem 
are so many and so variable, and fhe clata so incomplete, that the pos-
ible combinations of drainage changes are numerous. No attempt will 
be made to discuss all the possibilities in the case. Only the more prob-
able changes will be considered, and even then, positive statements. can 
seldom. be made, for in most cases there are a number of possible, and 
often equally probable interpretations. 
The unoccupied valleys of the region were probably the sites of pre-
glacial stream, though in some cases the valleys were probably small. 
That the Yalleys were in existence muc:h as now when the ice-sheets in-
vaded the region, is shown by the fact that their slopes are usually 
co-rered ·with drift of Kansan or Illinoian age. Once made, the valleys 
were probably re-occupied and enlarged during later glacial epochs, and 
vossibl~' the Narrows, the Cattail and l\i[eredosia channels, the Rock 
River valley, etc., were drainage courses more ·than once wit1J inter-
Yening etages when they were without streams. 
The :first ice-sheet Of which we have any knowledge, the pre-Kansan 
came in from the west. It probably covered the region of the Cleona 
clJ::mnel (Fjg. 22), and in that case it probably diverted to the east-
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ward the stream which occupied that valley. If the pre-glacial :Missis-
sippi flowed through the Cleona channel (the lowa cour e, Fig. iZ) 
this ice-sheet, by filling and blocking the valley, may have diverted the 
master stream to the course which passes down the Meredo...,ia, and con-
tinues southeast to the Illinois river at Hennepin (tl1e Illinois cour::>e, 
Fig. 23). . 
If the pre-Kansan ice-sheet did not close the Cleona cham1el, the 
Kansan ice-sheet advancing from the west certainly did (Fig. 13). 
The ice then advanced eastward to the present channel of the Mississippi 
.and beyond, doubtless pushing the river before it. When tl1e Kansan 
ice-sheet melted away, the river may, so far as now known, have fol-
lowed ( 1) the Illinois course, ( 2) the Meredosia-hock ri Yer couTse, or 
( 3) flowed through the Narrows as now. · 
\Vith the advance of the Illinoian ice-sheet from the east, the Illinois 
.course was doubtless closed (Fig. 15), and if the Mississippi river had 
flowed that way, it was forced to find a more westerly course. Po~sibly 
at this stage the Mississippi flowed for a time by way of the Meredosia 
valley to Rock river, and then down the Yalley of that tre2m ()Iero-
dosia-Rock river course), or it may have taken its present course through 
the Narrows at this time. Either of these courses could haYe been 
followed only temporarily, for the advancing ice probably forced the 
drainage farther westward. 
At this maximum extension, the Illinois ice-sheet reachcJ the :Jiis-
. sissippi valley a few miles below Savanna, and the valley was probably 
closed to some point" north of the _mouth of Elk river. The ponded 
waters, extending up the Maquoketa and a tributary of this stream from 
the south, broke over a divide near Goose lake, and escaped ~outh to the 
Wapsipinicon. This was probably the origin of the Goose La.ke channel. 
But the lower course of the Wapsipinicon valley was blocked by the ice 
of the Illinoian ·epoch (Fig. 15), and the waters coming down the 
Goose Lake channel escaped westward up the Wapsipinicon to the mouth 
of Mud creek. Mud creek is a small stream, but it meanders over a broad 
flat which is often more than a mile in width. At the head of Mud · 
creek, near the southeast corner of Scott county, the flat continues 
across the divide as a distant channel at an elevation of about 125 
feet. Southwestward. from the divide, the channel is followed by Elk-
horn creek to the Cedar river at Moscow. Continuing south"·ard in 
eastern Iowa, this course has been traced by Leverett1 across several 
drainage basins until it joins the Mississippi in Lee county. Through-
out its entire length it marks approximately the maximum exteneion 
of the Illinois ice-sheet, and is probably the course followed by the 
Mississippi when this ice-sheet was largest. 
It is not probable that either the Goose lake or the Mud creek course 
was followed long after the Illinois ice-sheet withdrew; and yet the 
bottom of Goose Lake channel at the eli vide near Goose lake and to the 
north, is 70 to 100 feet below the rock outcrops exposed along its sides. 
If this was the only time that the Goose Lake · channel was occupied 
1 Leverett. U. S. Geol. Surv., Monograph XXXVIII, pp. 89-97. 
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by the main river, it must have been cut out and then silted up with the 
thick deposit of sand which it carries. Possibly the Illinoian ice-sheet 
occupied the Mississippi valley above Clinton for a time even before 
the lower end of the Wapsipinicon valley was closed, and if so, the full 
volume of the Mississippi may have flowed this way for a longer ti~e, 
and cut out the deep valley in the rock. Later when the Illinoian ice-
sheet p:ushed up the \Va.psipicon valley, the level oi discharge at the 
south end of the Goose Lake c}lannel was raised, and the valley was 
silted up. The Goose Lake channel is lower than the Mud Creek chan-
nel, and the latter was probably abandoned first. 
With the withdrawal of the Illinois ice-sheet, the Mississippi may 
have returned to the Illinois course, or it may. so far as now lu1own, 
have followed the Meredosia-Rock River course, or its present channel 
through the Narrows. 
La~r came the ice of the Iowan epoch. The ice-sheet advancing 
from the northwest may ha.ve temporarily dammed the Mississippi river 
at Albany, and caused the waters to flow by the Cattail channel, or the 
ice ma~r have pushed across the upper end of the Narrows and diverted 
the ·:Mi sissippi down the Meredosia valley._ The Iowan ice-.,heet from 
the northeast probably closed the Illinois course, and furnished another 
opportunity for the opening of the present Rock River valley, or the 
shifting of the stream to the present course through the N anows. 
'Whatever the order of development of the valleys, we may safely 
assume that' they were all in existence, and in much their present form, 
by the end of the Iowan glacial epoch. Following that epoch the Mis-
si.esippi may have flowed by either the Illinois course, the Meredosia-
Rock River course, or by the present course through the Narrows. 
The valley filling of the Wisconsin epoch has been considered in an-
other chapter (Chapter IV). It is sufficient here to recall that aggrada- · 
tion went on until the valley bottom was raised to the level of the second 
bottoms, that is, about 40 feet above the present river level. The al-
hwjal plain tretched from bluff to bluff, and the numerous divisions 
of the river probably wound about on the plain in irregular courses. 
The Garden Plain, Coe, and Moline uplands, as well as the smaller areas . 
at FL1lton, Clinton and Albany stood as island-like elevations completely 
surrounrle..-1 by the aU uvial plain. Rr nll the abandoned couri'e~ ( p .. 1()) 
except the Goose Lake channel, water from the Mississippi passed at 
various times during the stage of maximum valley filling, in the Wis-
consin epoch. The river probably shifted frequently from one to the 
othe.r, or divided and occupied several channels at the same time. At 
this time the water of the Mississippi may have passed by way of the 
valley south from ·Clinton or by the Cattail channel, and again by way 
of the Narrows or the ~feredosia-Rock River course. In the last c>~se, it 
may have joined the Missis ippi by way of Pleasant Valley, or by the 
pre<::lent Rock River valley, south of the :Moline upland. 
The waters escaped from the Rock River valley south of Erie, and 
passed over to Green river, and possibly for a time continued southeast 
to the Illinois river. During the maximum advance of the early Wjs-
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cousin ice-sheet, thi · southeastward. course was clo ed; and pro baLly a 
large a1ea of the lo1rland tract extenc1ing from Hock ri rer to tt:e lJJmois 
riYer was flooded, and may haYe been drained westward by 1ray of the 
<Jreen Hiver valley . 
. rrhe filling of the valleys has been discussed a though it all took place 
during the ·wisconsin epoch, but it .is not meant to imply that thi ' was 
necessarily the case. \Y c d.o not know that the :JI.is::::issippi Yalley was 
ever completely cleaned out after the earlier glacial acl nmres, and ::-ome 
of the cleeper deposits may be o.f an early glacml age. There "·ere prob-
ably a. number of period of alternate .filling an(l deepening of the nlilc..·y ·, 
with the achances and retreats of the everal ic:e-. hcets. KYiclente or a 
period of erosion in the valley would be obscured or obi iterated ily the 
next period of d.eposition, and evidence of clepo ition by the next period 
of ero ·ion. 8atisfactory evidence has not e\·en been obtained J'or th~~ 
fi,xing o£ terrace le\·els of early \riRcon in clge, as distinct I1mn then:! of 
late \\' iscon~in age. rrhe material expo 'ed in the se\·eral :::and pit~ previ-
ously described may be traced up the Hock and the :Jli sis ippi Yalleys 
to the \Vi cousin drift farther north. 
The absence of great bodie of ice-<..lepo ited d.rift in the bottom of the 
:Mississippi valley, in contrast with its prc:::ence in the filled Cleona and. 
Illinois channels, may be expl?-ined by the fact that the ~[i si~ ·ippi val-
ley above Clinton has continued to carry the river, ana even though its 
bed may never have b2en c:ut clown to its Eormer leYel since the early 
glacial epochs, the scour and fill of later times may haYc reworkecl tmch · 
drift deposits as were left in the channel and the stream may haYe C<lr-
ried away the finer material. 'l'he J\lis ouri ri\'er at Blair, near Omaha, 
scour:s to bed rock, at a depth of ±0 feet, in times of flood/ all<l at 
Nebraska City the scour is believed to occasionally reach 70 to 9J feeU 
Recent studie of the .:\Iississippi river at St. Louis indicate a scour of 
consideTable depth at that place, and probably this is a more important 
process in the valley of gTeat streams than has been commonl~· recog-
nized. If the floods of the present are sufficient to effect this amount of 
scour, it seems probable that the glacial flood may haYe scoured to the 
. rock bed ]n times of flood even where the valley fill1ng 1 ~ the greatest. 
A number of well records in the Cleona and Illinoi~ courses .._how con-
sideTahle unstratified glacial drift, indicatlng that these valleys were 
never completely cleaned out after the~· were filled, nor "·a. the material 
worked over as by scour and fill. 
SUJ.\1:1\IARY OF DR_\.L'\_I .. GE CTf.AXGE _\XD .\PPLIC_\TTOX 1'0 CEHT_\IK 
VALLE.YS} 
The. N arrows.-The present valley of the :Jiissi sippi helmr Princeton 
fmd Cordova is narrow, but the slopes are gentle, anrl largely cowrell 
w·ith drift (Pl. 1() A). In some plac , the slopeR are so gentlr that 
tl1ey are cultivated down nearly to the river. 
1 Gerber. Cited by Todd. Bull. 158. U. S. Geol. Surv., pp. 150-151. 
2 Cooley. Rept. of U. S. Engineers for 1879- 0. Pt. II. pp. 1066 and 1071. 
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A. Illinois bluff north of Hampton, showing the gentle drift covered slopes 
of the Narrows. 
B. Road cut in loess, Sec. 24, Phenix township, Henry county, Illinois. 
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Just west of the Tile Works, outh of Leclaire, a cut of the I. & I. 
Electric Ry. exposes a considerable thickness of g,raveJly IJlinoian drift, 
at an elevation of about 50 feet above the river. The drift rests on a 
stratU'm of well cemented, horizontally bedded gravel (Pl. 10, A), which 
is probably of Yarmouth (Buchanan) age (p. 37). These materials 
show no indication of having been dishubed since they were deposited, 
and are apparently in place. 
Illinoian drift was seen in a number of other exposures, well down in 
the valley along the bluff from the Tile W arks to :Th{acArthurs. In 
some places the drift appears to have a thickness of 15 feet or mOTe, bnt 
slumping is constantly going· on, and obscuring the vertical exposures. 
The gullies cutting bade into the bluff between Princeton and Leclaire 
how many exposures of Illinoian drift, and this is true throughout th2 
entire course of the Narrows. 
The great quantity of drift found on the slopes a:rid down in the val-
ley, and its apparently undisturbed condition, indicate that a valley ex-
isted where the Mississippi now flows through the Narrows at the tim8 
of the Illinoian glacial epoch, and that the bluffs had already been weath-
ered back to quite gentle slopes. This interpretation would place the 
, origin of the channel through the Narrows, either in the pre-Kansan or 
Kansan glacial epoch, and it would seem necessary that the -drainage 
followed this course for at least an interglacial epoch to account for the 
size of the channel. . 
It also appears that the valley was open during the Wisconsin glacial 
epoch, for river deposits of this epoch occur :in . the valley. To this 
epoch are referred the reel clays exposed north of the stone quarry north 
of Leclaire, and the eros bedded sands of the teiTace just east of Pleas-
ant Valley, at the end of the spur of upland extending southwest past 
MacArthurs. Thi terrace is about 40 feet above the river, and cor-
responds in elevation and material with the terraces of Wisconsin age. 
Rock River Valley a.nd Pl easa,n t Valley .- It is difficult to determine 
when that part of the Rock River valley within this region, and Pleasant 
valley, originate.] . As already stated, they ma.y haYe originated during 
the Illinoian epoch of glaciation~ or at the time of the advance of the 
Iowan ice-sheet from the ea t . It is also possible that one of the 
western ice-sheets may have produced conditions that caused their open-
ing, although this is less probable. If the ice of the Iowan epoch which 
advanced from the east, la.y across the Illinois cu~rse at the same time 
that the ice from the ~est reached its greatest extension, and closed 
the upper end of the Xanows, the paneled waters mav ha,·e escaped bv 
'\vav of th R.ock River course, and opened this channeL 
It may he significant to notice, as pointed out first bv U'dden. that 
Pleasant valley is in line with a continuation of Duck Creek v~lleY on 
the Iowa side,' which for more than ten miles is parallel with the> r'nJ.rS·"' 
of the Miesissippi thougl1 the water flows in the opposite direction. Dnck 
·.Creek valle~· continued up Pleasant valle~', may mark the course of some 
-5G 
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pre-glacial stream which flowed eastward up the present Rock river 
course, or passed south through the gap now occupied by Rock river, 
and then eastward up the Green River valley. · 
The pre-glacial Rock river apparently did not cross this region, but 
.passed south from its present course at Rockford through eastern Ogle, 
Lee and Bureau counties to the Illinois river.1 It was diverted to the 
westward by one of the ice-sheets which advanced across Illinois from 
the east, most probably the Iowan with the northern margin of which 
its course corresponds, approximately, for much of its diverted part. 
Across the southern part of this region the valley of Rock river is wide 
for the stream which now follows it, and the bluffs usually show evidence 
of recent cutting. The Mississippi apparently followed this course· for 
a considerable period of time, probably from the Iowan epoch to the 
\Visconsin epoch and even since the latter, a part of the Mississippi 
flowed this way, apparently until a very recent time. 
As the Rock River valley 'has been compared with other valleys of 
the area, a facto-r which has certainly aided in its development should 
be noted. The valley in its lower course is cut in Coal Measures shales 
down to the contact of Devonian limestone below. The valley floor 
is commonly underlain by the 1imestone, and the stream has shifted back 
and forth over this floor, and undercut the softer fomation in the bluff. 
The contact of the limestone and shales also appears to dip to the south, 
and the stream has apparently shifted down this slope undercutting 
the south bluff. These factors of material and structure have probably 
been important in de:v:eloping the broad valley. 
The Cattail Valley.-The Cattail channel was most probably caused 
by the closing of the Mississippi valley between Clinton and the Mere-
dosia. valley. This closing may have been effected by the pre-Ka.nsan 
ice-sheet, and was certainly accomplished by the Kansan and the Iowan. 
It seems necessary to assign the cutting of the Cattail valley to the time 
of one of the earlier ice-sheets, for its slopes are covered with drift of 
Illinoian age. The valley was probably re-occupied by the river during 
the Iowan epoch, and was certainly followed by the drainage of the 
\Visconsin epoch, for it is lower 'than the second bottoms. 
• One of the ice-sheets from the west probably caused the diversion 
which made the Albany channel, and again it seems moTe probable that 
it was one of the earlier advances, because of the presence of bowlders 
which appear to be of Iowan age in the channel. The narrow channel 
between Fulton· and Lyons, and the one passing through the west part 
of Clinton ma.y have been caused by the water breaking over low spurs 
of the west bluff, as the Illinois ice filled the valley. 
POSSIBLE DRAINAGE CHANGES OF ELK RIVER. 
Another probable drainage change which may properly be men-
tioned at this place, is that of Elk river in the northeast corner of . 
Clinton county, Iowa. The area is shown in Fig. 25. The west 
branch of Elk river flows eastward through Sees. 11 and 12 of Elk River 
township through a very rugged country, in. a narrow steep-sided valley, 
1 Leverett. U. S. Geol. Surv., Monograph XXXVIII, p. 484. 
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125 to 150 feet deep. In the west part of Sec. 7, rr. 83 N., R. 7 E. 
(Elk River township), it joins the north branch, and Elk river then 
flows south through Sec. 18, turns sha.rply to the east, and cuts through 
the Mississippi bluff by a v~ry nanow valley just north of Elk River 
.Junction. To the northwest of Elk River Junction, a re-entrant occurs 
in the Mis.sissippi bluff, and a btoa•! tL:W valley leads off to the northwest 
through Sees. 24, 14, 15, 10 and 3. It is follo·wed by the branch of 
the C., M. & St. P. Ry., runn,ing northwest from Elk River Junction. 
In the N. E. quarter of Sec. 15, Elk creek enters this valley from the 
west, and flows north in it nearly to the north line of Sec. 10, where 
it joins the west branch of Elk river coming down the valley from the 
northwest, and the stream then flows eastward through the narrow 
channel of Sees. 11 and 12 just described. The divide between Elk 
c:r:eek flowing to the north, and the drainage to the southeast is near 
t11e west line of Sec. 14, and js only 20 to 30 feet above the level of 
Elk river where i~ leaves the valley in the north part of Sec. 10. 
FIG. 25. Map of Elk River township, Clinton county, Iowa, showing a possible 
-:pre-glacial drainage and its relation to the present drainage. The pre-glacial 
-courses suggested are indicated by the broken lines. 
The re-entrant of the Mississip:ei bluff southeast of Elk River Junc-
tion also connects northward over a low divide in the west part of 
.Sec. 19 with the southward flowing part of Elk river, at its sharp bend 
to the eastward near the south line of Sec. 18. The divide between 
Elk ·river a~d the re-entrant of the . Mississippi bluff to the wuth is 
· about fifty feet above Elk river, or about 650 feet above sea-level. A 
well near the crest of the divide in the N. 1j2 , S. W. 1,4 of Sec. 19 was 
reported to have gone 16~ feet in clay and sandy material, or down to 
a.n elevation of about 500 feet. Several wells located in Sees. 14 and 
24 in the valley followed by the C., M. & St. P. R:v. northwest of Elk 
.River Junction go 20 to 30 feet in sand, and a well in the north part of 
.Sec. 10, just south of where Elk creek joins Elk river, goes 118 feet 
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to bed-rock. vVells at Huntown reach a depth of 200 feet without trik-
ing rock/ from the topography and the well recOTds just given, the fol-
lowing explanation is offered: 
In pre-glacial times the stream flowing outheast aero s Sec. 3, con-
tinued in that direction across Sec. 10 in the valley now followed in the 
opposite direction by Elk creek. It was joined in the N. E. 1;4 of 
Sec. 15 by Elk creek, and the stream continued southeast to the re-
entrant of the Mississippi bluff southwest of Elk River Junction. 'rhe 
north branch of Elk river came in as at present along the west line of 
Sec. 18, but continued. south across Sec. 19 along the course marked 
by the well record previously given. 
"With the advance of the Kansan ice-sheet from the west, the southeast 
course may have been closed, and the west branch turned across Sees. 
11 and 12 to join the north branch. But as their common mouth wa 
closed, the -ponded waters passed up a small valley heading to the east-
ward in Sec. 18, and broke over a low divide along the present course 
through the bluff. It would appear that the drainage must have been · 
held in these courses for a considerable time to allow the new valleys 
to become permanent. Also since this is not the terminus of any known 
ice-sheet, the diversions may have occurred during either the advance 
or retreat of an ice-sheet, most probable during the retreat or during a 
slight readvance in the general period of retreat. 
At a time of high water which occurred during Mr. Starr's visit to 
the region, the flood waters of Elk river backed up the old valley across 
Sec. 10 and rose to within 6 feet of the top of the divide in the west 
part of Sec. 14, which separates the drainage ot Elk creek from that 
which passes southeast down the abandoned valley of Sees. 14 and 24. 
An additional rise of 6 feet would have re-established, temporarily, the 
pre-glacial drainage course of the Elk riyer. 
1 Part of the data just given was collected by Mr. Leon P. Starr during the 
summer of 1907. 
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CHAPTER VI. 
EOLIAN SAND AND LOESS·. 
GE~ ER.A.L CHARACTERISTICS. 
'l~he loe 1s a yellow loam, grading from clayey on -ibe one hand to 
:sandy on the other, which forms a coating over most of the uplancl 
:1·egion. In its most typical phase the loess is :fine grained. When~ dry 
it forms a powder, smooth to the feel, and without grit of any sort. But 
ihe ldes of this region in many places takes on sandy phases, and the 
.sanfly loess pas. e into :fine sand, both yertically and horizontally, by the 
most gTadual transitions. In some places, fine grained loess may overlie, 
-underlie, or be interbedded with sand which has been shifted by the wind· 
(eolian sand). .The befit examples of association of loess and sand are 
iound on the border of the upland outh of the Wapsipinicon river, in 
northern Scott county, Iowa, and are treated more fully under "Bluff 
Border Dune Area " on page 76. In the other direction, the loess 
grades into a. clay which is more sticky when wet, and does not pulverize 
wO readily when dry. This phase often has a silty, banded appearance. 
'rhough the materials classed a loess are quite Yariable, they are so 
cl osely associated, and grade into each other so commonly, that it is im-
-pos ible to separate them. 
The thicknes of the loess varies from a thin veneer of a foot or less, 
io a thickness of 15 or 20 feet, or rarely 25 to 30 feet. Its average 
ihiclmess is probably about 10 feet. It is thickest on the edge of the 
uplands overlooking the great valleys, and thins back from the- bluffs. 
\Vith respect to the small valleys, it is usually thickest on the divides 
"~here erosion has been least effective, and thinner on the lopes. In the 
clriftless area, and the area of Kansan drift, it has in many places been 
removed from the steep slope , while on the divides it may have a thick-
ness of 15 or 20 feet. 
In many exposures the loess appears · almo t structureless, but 'IV here 
it passes into sandy loess, or into the clayey silty phase, structure is 
more prominei1t. Where it becomes sandy, cross-bedding like that of 
-dune eancl appears, a:q.d where it becomes silty, layers appear, which be-
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cause of their varying porosites, are distinct on: the face of the exposure_ 
In most cases the bedding conforms to the slope of the surface, but 
some exposures show horizontal bedding at least in their lower parts. 
A prominent characteristic of the loess in most regions is its ability 
to stand in steep cliffs. SteBp faces of it may be found in this area 
where it has its normal texture, but over part of the region the loess is 
so sandy that it slumps readily. Steep loess banks 10 to 20 feet high 
may be seen in pits and road cuts throughout the area (Pl. 16, B). A 
good loess exposure may be seen in a "clay pit'' near the south line of 
Sec. 1, Clinton township, just north of the road leading west up the 
bluff from the north part of Clinton. Good exposures are also found 
along the bluff front in Davenport, Rock Island, and Moline, and in a 
number of road cuts through the bluff in Moline, and east along the 
bluff to East Moline. 
In general the loess has little effect upon the_ topography, for it :s-
essentially a thin veneer over the surface. Locally the more sandy 
phases of the loess, in association with dune sand, are of more import-
ance topographically. The topographic effect of the sand and loess is 
identical with tftat of dune sand (p .. 7 5). 
DISTRIBUTION. 
The loess occurs throughout the region from the highest divides d6wn 
to, but not in the river fiats. It forms a coating over the driftless area,. 
over all the drift-sheets of the region, in some places over sand and 
gravel terrace deposits, and even over some of the dunes. Its distribu-
tion is independent of the underlying materia], and of the altitude of 
the surface on which it rests. On the edge of the uplands south and 
east of the large valleys, there are usually belts 1 to 2 miles wide in 
which dune topography predominates, and where the material is dune 
sand or sandy loess. Back from the edges of the upland, the sand be-
comes finer and grades into sandy loess, and then to loess. In general, 
the loess of the east side of the J\1ississippi is coarser and more sandy 
than of the west side. The clayey phase of loess is rarely present on the 
Illinois side within the region studied. \fi,T est and north of the great 
valleys, the belts of sand or sandy loess on the edges of the uplands are 
not so prominent, or do not appear. The loess on the Iowa. side is 
as a rule a. fine grained clayey loam. 
SUB-DIVISIONS OF THE LOESS. 
Three zones may usually be recognized in the deeper loess cuts. (1) 
At the surface a weathered and leached zone of brownish clayey earth 
mixed with more or less humus. This surface part is sticky when wet, 
and on drying breaks up into roughly cubical blocks. This zone is us-
ually two to three feet thick, though rarely as much as eight feet, and 
grades down into ( 2) normal loess, which consists of a yellowish pebble-
less loam. At the base, a zone ( 3) of light bluish or ash-colored loess 
is often found. The middle division forms the bulk of the deposit, 
:and to it the characteristics already noted belong. 
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The blue loess may be seen at various places throughout the region 
where cuts show the full section of the loess. Where the loess as a 
whole is thin, the basal member does not usually occur; but where the 
. loess is 10 to 15 feet thick, the bluish or grayish phase is likely to be 
present. It is often more silty than the yellow loess above, and even 
where it is absent most of the loess becomes more silty toward the base. 
rrhe blue loess is usually seen in fresh exposures only. rrhe contact 
between the blue and yellow phases is locally sharp, while in ot11er 
places the transition is gradual, and stringers of the yellow extend 
down into the blue. In exposures which are not fresh, the face of the 
bluish part often has a yellow coating. Exposure for a few months. 
may suffice to change the bluish color yellowish. Professor U elden says 
that he l1as seen the change· from blue to yellow and from yellow to blue 
alternate with the seasons, as follows: In a deep road cut at Rock Island 
the loess of the road bed works up into a yellow dust several in~hes deep 
during the summer months. In the wintt:r, snow covers the ground, 
moisture is present, and by spring the material of the road-bed is a 
blue mud, only to change again to yellow loess during the following 
.summer. From these facts it appears that the color is determined by 
some change which takes place with exposure to the sun and agents of 
weathering. The blue loess was found only where moisture was abun-
dant, and moisture was probably important in changing the yellow loess 
to blue in the instance cited. The change from blue to yellow is probably 
clue to oxidation, and the reverse to deoxidation. 
Sihce change may take place, several questions may be raised con-
cerning the original condition of the loess. Was it all yellow when de-
posited and has the lower part since changed to blue? Or was it all orig-
ina1ly blue, and has the upper part cha:qged to yellow by oxidation? Or 
was it blue at the base and yellow above, as at present, from the beginn-
ing? Since moisture seems necessary for the existence of the bluish 
phase, would it not all be blue if deposited in water, or if it lay below 
the level of ground water? 
CONCRETIONS. 
The loess usually contains considerable limey materjal as may be 
shown by the test with hydrochloric acid. (p. ) . Nodular concretions 
(loess-kind chen-children of the loess) of lime carbonate are often 
abundant. These loess-kindchen may be roughly spherical nodules of 
concentric structure, or irregular in form. They vary from nea:rly pure 
calcium carbonate, to masses of loess cemented by lime carbonate. Those 
()f p-ure calcium carbonate have a grayish color, and look somewhat like 
limestone pebbles. They usually have diameters of less than an inch,. 
but larger ones may be found locally. 
In the blue phase of the loess, there are in places tubular concretions of 
iron oxide, with concentric structure around a central opening. They 
have a reddish or yellowish color, and are usually less than a half inch 
in diameter. They occur in an upright position, and on the er:oded 
surface in the gullies they stand up like small twigs of w<>od. Washed 
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out from the loess, they soon harden an<l sometimes ... trew the surface 
like pebbles. A number of these concretion were found with a mall 
thread-like root through the central opening, and this gives a clue to 
their origin. 'Vater passing down along the root deposited iron oxide 
around it, and later in concentric layers around the enlarging case. 
In places the iron oxide is not deposited in sufficient quantity to form 
a solid tube, but it may stain the loes in concentric layers. These 
stained portions haye a Yertical position and locally attain a_ diameter 
of 3 to 4 inches. 
J:'OSSIL SIIELLS. 
Shells of small snails may often be founcl in the mor:e compact phases 
of the loess, but seldom in the sandy phases. Fine grained loess con-
taining many fossils, may pass into sandy loe s, when it at once lo es· 
its fossils. Fossils are rare on the Illinois side of the river where the 
loess is sanely, but are more common on the Iowa side. Collections of 
loess fossils were made from everal localities, and all are common types 
of land snails. Forms .,im.ilar to many of them are now living on the 
surface in the &'tme region. 
REL.ATIO~ OF THE LOESS TO THE VARIOUS DRIJ!'T- IIEET 
'l1he loess oveTlies the Kan an and the Illinoian drift-sheets. It is 
present over most of the Iowan drift within thi region, but this is be-
cause of the narrowness of the belt of Iowan drift. Where the Iowan 
drift is more exten ive, the part back from the borders, is largely free 
from loess. Both the Kansan drift and the Illinoian drift beneath the 
loe s are leached and weathered to a depth of everal feet, and they are 
locally separatecl from the loe s above by oil horizons an<.1 inter-
glacial deposits. On the other hand, the Iowan drift is fresh up to the 
base of the loess, and the two often appear to gTade into each other. It 
eems, therefore, that the main body of the loess is closely associated 
with the Iowan drift, and that it was formed, or at least its deposition 
· was beglm, during the maximum exten ion· of this ice-sheet, or soon 
after it retreat, before weathering had produced much change in the 
Iowan drift. 
AX OLDER BRO\VJ\ LOE. . 
.At sev-eral places along the road leading north from Argo, Clinton 
county, Iowa, toward the Wapsipinicon bottonis, ·what appear to be a 
brown J,oess may be ·seen irr the road cut~. H is Yery ferruginou8, with 
many tubular concretions and seam of cemcntecl material which are 
locail~' so 'hard as to have a metallic ring when struck. In the more 
ferruginous. part the color is quite reel. Thi c1epo it is overlain by 
ycllo"' loess, which does not appear to be an alteration of the brown 
loess below. The c1cposit occurs i.n the region covered b~~ the Tllinoirm 
ice-sheet. and althol1gh none of the exposures . een sho\\'ec1 Illinoian drift 
beJmy it, there is little cloubt that it rests upon this ]rift. A similar 
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old loess occurs in a number of the eastern counties of Iowa. It is de-
cribed by Professor Calvin, from Winneshiek county1 as resting on au 
eroded surface of Kansan drift, and was itself old, weather stained, and 
altered, before the deposition of the yellow Iowan loess. It is probably 
.a 1-v·eathered and altered loe s of Illinoian age. 
ORIGIN OF THE LOESS. 
A detailed discussion of the origin of the loet:is will not be attempteJ.2 
\Ve may, however, note the various hypotheses of its origin that have 
.currency and see by which hypothesis the facts of this region are best 
explained. 
'rhe origin of the loess has long been in dispute. l t was previously 
thought to be an aqueous (water-laid) deposit, made in lakes and swollen 
riyers during the melting of the ice-sheet. Others, recogni_zing the diffi-
culties of the aqueous hypothesis, anJ no.ting the simila.rity o£ much of 
the loe s to wind blown (eolian) dust, put forward the hypothesis that 
the loess i wind blown du:st. Accoring to this hypothesis, the fine loess 
dust was picked up by ·the wind from the flood-plains o£ streams flowing 
.away from the_ ice front, or from the surface of the freshly exposed drift 
a the ice retreated, and carried out over the· adjoining country where it 
ettled and formed the locs . Some students of the problem have com-
bined the two hypotheses, believing that the loess is in part of aqueous 
and in part of eolian origin. 
To the hypothe is of aqueous origin of the loess there are grave ob-
jection . \Ve have seen that it is found on the highest points of the 
region, and in fact appears to have a fondness for high places, and this 
is true throughout its extent. It is hard to conceive of the submergence 
of the loess covered portions of the Mississippi basin to the extent (_le-
manded, without the submergence of the much larger area of surround-
ing land which is no higher, but which is without loess. Rivers, even 
when flooded, can hardly be considered capable of overtopping the 
l1ighest parts of the country. There is no evidence of physical changes 
that might have produced a depression of the region or a damming of 
-the :Mississippi ba in. Various explanations have been offered to explain 
its distribution by the aqueous hypothesis, but none of them appears to 
be adequate. Further, the fossil snail shells of the loess are the shclls 
of ·pecies which live on the land, not in the water. The aqueous theory 
also fails to explain the thick deposits of more sandy material on the 
east and ..,outh bluffs. 
The eolian h)'pothesis encounters some objections, for the basal part 
of the loe~s of orne exposures shows evidence of having been deposited 
jn ~Vater, and this grade upward without a. break into the massive loess 
deposits. , 
1 Calvin, Iowa Geol. Surv., Vol. XVI, p. 126. 
2 The following references are given for the benefit of those particularly inter-
ested in the subject. , .Tour. of Geol.., Vol. V, 1897, pp. 795-802 (Chamberlin) ; Bull. 
Geol, Soc. Am .. Vol .IX. 1897, pp. 6-9 (Udden); Am . .Tour. Sci., Vol. XVIII, pp. 
106-112 (Hilgard). Additional references on the occurrence and the origin of the 
loess may b e found in Chamberlin and Salisbury's Earth History, Vol. III, p. 411. 
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The best explanation of the loess seems to be made by a combination 
of the aqueous and eolian hypotheses somewhat as suggested by Pro-
fessor T. C. Chamberlain.1 The water flowing out from the melting ice 
carried great quantities of rock flour which were .spread out over the 
flood-plains of the swollen streams. When the streams went down, and 
the flood-plains became dry, the wind picked up the fine silt and carried 
it out over the adjoining country where it was deposited. The material 
which settled directly from the atmosphere upon the land probably 
formed the typical structureless loess, that falling into pools, ponds, 
~narshes, etc., or on areas teinpor"arily flooded, took on a silty stratified 
appearance. Some of the material was washed down into the small 
valleys and deposited there. Depending on the degree to which it was. 
mixed with the alluvium of the streams, deposits were formed ranging 
from positively identifiable water-laid clays and silts, through silty loess, 
to typical loess~ In this, we have the explanation of the much commoner 
appearance of silty loess along valleys and on lowlands than on the up-
lands where typical loess or sandy loess is usually present. 
On the other hand, as the winds which carried the loess became 
stronger, the material carriec1 was coarser, and so there might occur in 
any locality all gradations from loess to sandy loess anj fine sand. In 
periodic variations in the strength of the winds, we have the explanation 
of the interbedding of loess, sandy loess, and fine dune sand. By this 
combination, the aqueo-eolian hypothesis of the origin of the loess, the 
phenomena of this region are best explained and not only does it afford 
the best explanation, but all the conditions and processes postulated by 
the hypothesis are natural and to be expected at the close of an ice 
epoch. The larger part of the upland loess was probably deposited 
where it now lies by the wind. _ 
The broad fiats of the Mississippi and Wapsipinicon rivers within our 
region, covered by water during times of flood and exposed t~ the winds 
during the dry seasons, furnished a gathering ground from ·which the 
loess was taken up to be spread over the adjoining regions, thickest near 
the bluffs and ·decreasing gradually with distance from the great val1eys. 
As our strongest and prevailing winds are from the west, more and 
coarser material was carried out over the east bluffs than in the opposite 
direction, and the more prominent bluff border areas of the east side of 
the Mjssissippi were formed. Large streams like the Mississippi, carry-
ing the flood waters away from the glaciated region furnished gathering 
grounds for the winds far beyond the glaciated region, and so· we find 
loess deposits bordering the Mississippi , all the way to the Gulf of 
Mexico. 
Most of the loess was probably deposited either while the . ice was on, 
being carried out by streams flowing away from the ice margin, or just 
after the retreat began, before vegetation covered the surface. But the 
process continued long after the ice withdrew, and probablv loess is yet 
being formed . As previously stated the main body of the loess a:ppears 
to have originated during or soon after the Iowan glacial epoch; but 
loess was deposited at other times also. 
1 Loc. crt. 
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A. Sand dune areas on the Cordova flats, Rock Island county, Illinois. 
B. Sand dune area in Sec. 3, Garden Plain township. The area on the 
valley flat passes gradually into the bluff border area in the background. 
C. Fixed dunes south of Erie, Henry county. 
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DUNE AREAS AND THEIR DEVE.LOPMENT. 
At various places within the region there are areas of dune sand 
practically free from vegetation, and when the surface is dry the sand 
is shifted by every strong wind. Associated with these treeless shift-
ing dunes, and covering a much larger area, are dunes with occasional 
shrubs and trees, and a sparse covering of grasses (Pl. 17, A) . These 
pass by successive gradations through areas with only an occasional 
patch of shifting sand (Pl. 17, B), to those in which the sand is com-
pletely fixed by vegetation, but in which the characteristic dune topo-
graphy indicates the nature of the deposits below (Pls. 17 and 18, A). 
All gradations from shifting to fixed dunes occur in close association. 
All areas in which dune topography is distinct, whether the sand is 
shifting or fixed, have been mapped together (Pl. I). There are many 
small patches of dunes, some of them consisting of only a few small 
hills, both on the valley flats and the uplands, which because of their 
small extent, have not been represented on the map. 
The topogra.phy of dune areas is very characteristic. It includes 
small hills or mounds, or sometimes ridges and enclosed depressiona, 
all of which are more or less irregularly placed. The hills are formed 
lJy the piling up of the sand by the wind. The (lepressions result in 
some cases from the scooping out of the material of which the hills are 
made, and in others they are merely low places about which the dunes 
were built up. Some of the depressions have no outlets, and if the sand 
were not so porous, they would probably contain ponds and lakes. In 
fact, a few ponds do occur in the bluff border areas. Within the region 
all gradations may be found from characteristic dune topography, to a· 
topography well controlled by stream erosion; for most of the dune 
areas with which we have to deal, have become more or less fixed and 
have been subjected to erosion for various lengths of time. 
rrhe dune areas of the region occur ( 1) on the valley flats, ( 2) along 
some of the .margins of the upland forming the bluff border areas} and 
(3) in a few places on the upland back from the bluffs. 
DUNE AREAS OF THE LOWLANDS. 
The dune areas of the valley flats are usually 20 to 30 feet above the 
general elevation · of the flats. They have a relief of 15 to 25 feet. 
These dunes are, for the larger part, shifting, and the vegetation upon 
them consists of isolated tufts of grasses and low shaggy bushes adapted 
to this environment. The more the vegetation, the less the shifting of 
the sand. The material is fine-to-medium grained sand, which has 
been drifted together from the sand deposited in the valley during the 
Wisconsin glacial epoch. 
One of the best developed dune areas of the valley flats is in Sec. 34; 
and the east part of Sec. 33, Cordova township, 3 miles east of Cordova. 
In a large part of this area the vegetation is very sparse, and the sur-
face shows only white sand (Pl. 17, A). 
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At the northwest corner of the Garden Plain upland there i a sand 
clune. area partly on the valley fiat, but continuing southeast b:y a 
gradual rise into the bluff border area. Vegetation is scant, and con-
siderable areas of shifting sand occur (Pl. 17, B). In the northwest 
corner of Fulton township, Sees. 1 and 2, there is an area of about a 
square mile of characteristic topography with patches of shifting sand. 
Other dune areas of the lowlands occur in Sees, 29, 20, ad 21 of Newton 
township on the Meredosia bottoms south of the Garde:p. Plain upland, 
in Sees. 30, 29, and 28 of Fenton township, 2 miles north of Erie, along 
the road leading west from Erie through Sees, 1 and 2, at several places 
on the Cordova flats, on the \Yapsipinicon bottoms in the north part of 
Sec. 20 or Princeton tow.nship, and at several other places. 
The tract of land interme<..liate between the lowland and upland, ex-
tending to the southeast from Rock river, south of Erie, and which has 
been described as a drainage course of glacial times, ha a surface ma-
terial of sandy loess and ..,and. Areas of characteristic dune topography 
(Pl. 17, C) appear on this plain, and the dunes rise ±0 to 60 feet above 
the general level. ~lost of the dunes are fixed, but many small patches 
of shifting sand may be found. 
BLUFF BORDE·R DUNE AREAS. 
The bluff border dune areas include those areas along the margin of 
the uplands, in which the topography has been more or less determined 
by eolian deposits, and in which shifting dune sand may occur. As 
mapped, the areas include many patches in which the topography ha. 
· been completely modified by erosion, but they have been included be-
.cause of the origin of the sand. The botmda.ries of these areas are al)-
proximate. 
The bluff border dune areas are usually higher than the upland im-
mediately back of them, and viewed from that side appear as low ridges 
(Fig. 18). From the crest of the ridge one overlooks the valley on one 
s]de, and the upland on the other. The topography of the belt is in 
places quite rugged, and the relief considerably grea.ter than that of the 
dune areas of the valley fiats. Furthermore, the relief is often in-
creased by erosion. 
The surface of these bluff areas may consist of sand, sandy loess, or 
loess, or any mixture of these materials. The surface material is 
usually loess or sandy loess, which grades into coa.rser deposits below. 
rrhe material, however, differs with the location, as will be noted later. 
Much of the surface carries a thin soil horizon of sandy or clayey ma-
terial and is fixed by a covering of vegetation. When the oil or loes" 
covering is removed, the sand may begin to shift. Areas of shifting 
sand, though occuring at various place , are not prominent features of 
the bluff border . area. 
Fro:~;n Rush Creek to Savanna, the bluffs bordering the river are cov-
ered with a thick coating of loess which in places is sandy. Southeast 
of Savanna, sand becomes more abundant and where the 0., B. & Q. 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 18. 
A. Dunes consisting largely of loess, Scott county, Iowa. (Calvin.) 
B . A small lake occupying a depression in the loess dunes, Scott county. 
Iowa. (Calvin.) 
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Ry. cuts the bluff in Sec. 19, :nn. C'anoll township, a high bank of sand 
is exposed, and the bluff is capped by sand hills. Continuing south, to 
the upper end of the Cattail slough the bluff border clune area is a half 
mile to a mile wide. Here it becomes less prominent, and merges 
into a sandy tract which lies east of the Cattail channel, and continues 
eastward toward Morrison. North of Otter Creek, the dunes are largely 
· fixed, small banks only showing sand that may be shifted. In Sec. 21, 
of York township, south of Johnson creek, a small patch of shifting 
sand occurs. South of Otter creek, hills of shifting sand are more com-
mon and in Sees. 19, 30, and 31 of Ustick township, they are numerous. 
Along the north and northwest border of the Garden Plain upland, 
the bluff border dune area is prominent, and stands considerably higher 
than the upland to the southeast. It continues south along the west 
bluff of the upland, but east of the Albany channel it contains little 
sand. At the southwest corner of this upland, south of Albany, sand 
becomes more abundant, and the dune topography continues east along 
the bluff almost to Rock creek. 
The northern portion o! the Fulton upland, where the material is 
sandy loess and sand, shows dune topography which is very irregplar 
and hummocky. The Clinton upland has dune topography, where the 
material is fine sand. The southwest part of the Albany upland south 
of the town shows pronounced dunes. They are fixed and the ma-
terial is fine sand or sandy loess. The hill of rock in the village of Cor-
dova carries a fine sand deposit, and an area of dune topography. 
South of the Wapsipinicon river there is a bluff porder area of fixed 
dunes (Pl. 18) consisting of loess, sandy loess, and sand. These ma-
terials occur in very intimate association both ·horizontally and vertic-
ally. In some places the dunes appear to consist entirely of loess, and 
ro~d cuts expose a considerable thickness of it, while in other places 
clo e at hand, the dunes are of sand. In Sec. 28, Princeton township, 
a considerable deposit of coarse dune . sand was found overlying loess, 
while farther west in the same section the sand hills are overlain by ~ 
to 6 feet of loess. When this is removed, the sand may be shifted about. 
Dune topography is well developed in Sees. 29, 28, 33, and 34 of Prince-
ton township. \Vhere the north-south road crosses Sec. 29 (Pl. 18, A) 
the material is loess, at least for 3 to 5 feet clown, and a road cut just 
south of the crest of the ridge shows 15 fee~ of loess with the usual 
loess fossils. The topography is that of dunes whether the material is 
. dune sand, dune sand coated with loess, or even typical loess down to 
a depth of 15 to 20 feet. The region shows that it is possible for dune 
topogTaphy to be developed in loess. 
The north border of the Coe upland from Cordova eastward to the 
point of the upland west of Erie, has a bluff border dune area half a 
mile to a mile in width. The area has been greatly modified by erosion, 
but some of it still shows the topography characteristic of . wind de-
posits. The material is fine sand passing into sandy loess. 
South of the north margin of the Coe upland, bluff border areas of 
E'and are found only in the most favorab])r located places. Thick de-
78 THE MISSISSIPPI VALLEY. (BULL. N0.1~ 
posits of loess occur on the margins of the uplands, but th~ topography 
has not usually been sufficiently affected by the eolian deposits to war-
rant mapping them in the bluff border dune areas. The west end of the 
upland between Rock and Green rivers has a dune topography, west of 
the middle of Sec. 31, Hanna township. Farther east the upland is 
coated with loess, even up to the edge of the bluff, until the low sandy 
plain which begins in eastern Phenix township is reached. In the val-
ley of Rock river south of Moline, just beyond the Moline bridge there 
is a long, island-like, elevation on the valley floor. The west end of the 
island has dune topography and in some places the sand is now shift-
ing. .Along its lower slopes, the sands and gravels of the ·wisconsin 
terrace (p. 48) are exposed. 
The border of the Iowa bluff of the Missi ·sippi is free from dunes, 
but is covered with typical upland loess. On the north bluff of the Wap-
sipinicon just east of its junction with the Goose Lake channel, there 
is a small area of dlmes. The sand was blown up from the sandy fiat 
to the west at the mouth of Brophy creek. 
Lakes or ponds are sometimes found in some of the depressions be-
tweelJ.. the dunes on the bluff. Several of them occur in the area south 
of the vVapsipinicon valley and one was seen on the Illinois side, near 
the crest of the bluff in Sec. 10, Garden Plain township. .A small lake 
in the region of loess dunes in the E. lf2 of Sec. 29, Princeton township, 
is shown in Pl. 18, B. .Another occurs in the S. W. 1.4 of Sec. 30 of the 
same township. 
DUNE AREAS OF THE UPLAND BAC'K FROM THE BORDER OF T'HE BLUFFS . 
.A few scattered patches of dune topography, with sometimes a few 
hills of shifting sands, are found on the upland back from the bluffs. 
In the region cove.red by the Iowan drift-sheet in Iowa, such patches 
occur in the N. W. 1;4 of Sec. 20, Camancl1e township, Clinton county, 
in Sees. 6, 5, and 8, southwest of Elvira, Genter township, and at sev-
eral places along the lower course of Brophy creek. On the Garden 
Plain upland a number of sandy ridges or successions of hills occur. 
East of the Cattail channel, on the region of even topography (p. 4-±), 
many dune-like ridges _of fine sand and sandy loess are found, and the 
whole region has much sandy material. The upland patches of dune 
topography are elongate, and have their longer axes in a west-northwest 
to east-southeast direction. The material is fine sand or sandy loess. 
DEVELOPMENT OF DUNE AREAS . 
How Dunes Mi.gra.te.-The manner in which cltmes advance is shown 
at many places in this region. The sand is seldom carried for any ap-
preciable distance in one transit, but advances by a succession of short 
journeys, between which may occur longer or shorter periods of rest. 
The sand is shifted up the windward side of the dune, and dropped just 
beyond the crest. This process develops a gentle ·windward slope, a b~ 
Fig. 26, ancl a steeper lee slope b c which may be as steep as the angle at 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PI,. 19. 
A. A dune in Whiteside county, Illinois. Fine sand extends more than 60 
feet above the railway track in the foreground. 
B. Detail of upper portion of A, showing cross bedded undulating layers 
of dune sand. 
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which sand will rest. This seldom exceeds 20 o. With a shifting of the 
wind to the opposite direction, the profile a b r;~ Fig. 26, may be changed 
to r; b' a. If the winds from one direction prevail, a dune area may ad-
vance to the leeward, and encroach upon territory not formerly oc-
-cupied by dunes. In several places beyond the bluff border area, this 
is now going -one, or has recently taken place, and farming land is being 
slowly covered by the dunes . 
// -------
a 'c . 
F IG. 26. Diagramatic sections of a dune showing the gentle windward side aJ bJ 
and the steep lee side b, c. With a reversal of the direction of the wind, the pro-
file a b c would be changed to c b 1 a. • 
S tructure of Dunes.-Expos.ures showing the structure of the sand 
are exceptional because of the ease with which the material slumps; 
but at least one exposure deserves mention in this connection. It is a 
-cut on a branch of the C., B. & Q. Ry., in Sec. 30 and 31 of Ustick town-
ship, at the head of the Cattail slough. Here the bluff is formed of sand 
deposits, and the railway running along the face of the bluff has made 
-some deep cuts. A few hundred yards south of the point where· the G., 
B. & Q. Ry. crosses the C. & N. W. Ry., an exposure of 50 to 60 feet 
of sand is made (Pl. 19, A.) The sand is fine grained, with indistinct 
wavy layers. Some of the layers are parallel With the slope of the hill 
side, while others dip · in the opposite direction. A series nf layers dip-
ping in one· direction may be cut off above by another· series which rests 
upon the truncated edges of the first. In fact the features shown are 
just those to be expected in a sand dune area, in which the. hills are 
building out in one direction today, and in another tomorrow, and in 
which the layers put down today may be partially eroded away to-
morrnw, and the material deposited on another slope at a diiierenf angle. 
Near the top, the sand passes into a sandy loess layer which is 2 to 10 
feet thick (Pl. 19, B.), and at the highest part of the cut the loess is 
overlain by a more recent deposit -of ·sand several fee.:t thick. The sand 
is now being transported up the steep face of this ·bluff, and small dunes 
with gentle windward and steep lee slopes are encroaching upon the 
farm land beyond. 
Plate 20, A, from this locality, shows a kind of surface markings often 
found on shifting sand. They are wind ripples, which consist of roughly 
parallel ridges and intervening troughs. They are formed transverse to 
the direction of the wind. The ridges are usually less than an inch in 
height, rising gently on the windward side, (to the right in the figure) 
and dropping off more steeply on the lee side. The differenqe in slope 
is due to the way in which the sand is carried; most of it is rolled along 
the surface up the gentle incline of the ripples, and dropped just beyond 
the crest. It then rolls down the ·front of the ripples forming the steep 
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slope. In miniature, the e ripples reproduce the form of a clune. The 
fine grains are blown on over to the next ripple or may be carried 
bo.dily for some distance. rrhe coarse grains are rolled, and so the 
steep slope is made up of coarser gTains. 
Bffect of Ooar·se .. 1 -laterial.-The material of the valley fiats, for "orne 
distance below the thin soil horizon, is fine sand with some layers of 
coarse sand and gravel. vVhen this material is exposed, the finer part 
is shifted by the wind, and piled in hills and ridges. As it is shifted 
. back and forth from place to place, the newly blown sand is separated 
from the coarser material, the latter being left on the surface, or even 
let down to a lower level by the removal of the enclosing sand. In this 
way, the upper parts of the sand hills come to contain only that mater~al 
that may be handled by the wind, while the bottoms of the pits between 
the hills may show the residual gra\els and pebbles. If the sand is 
shifted away from the I~egion where it first lay, the pebbles left may 
accumulate until they form a complete covering over the surface. 1'hen 
the wind cannot get at the :q.ne material below, and wind erosion is 
impeded, or completely stopped.- Illustrations of th-is feature were seen_ 
in a number of sand dune areas Of the valley fiats, and especially in the 
area at the northwest corner of the Garden Plain upland. Here, at the 
west edge of the area, in the W. 1j2, N. E. lj4 of Sec. 3, Garden Plain_ 
township, considerable patches occur over which the pebbles cover the 
surface, effectively preventing further erosion. 
A.n Effect of Vegetation.-An illustration of the wa.y in which Yege-
tation may hold the sand and prevent shifting is shown in Pl. 20, B, 
which is from a ·June area on the Cordova flat . Similar features are 
shown in Pls. 17, A and 17, B. There are apparently two processes by 
which these mounds may _be developed. In one case, the vegetation 
starts as a little patch of some trailing shrub like that shown in the 
right foreground of Pl. 17, A. All the sand that falls into the vegeta-
tion is retained, for the network of stems holds it against the wind~ 
The shrub continues to grow and the sand to. accumulate, until a 
mound of the size of those shown in the figures is forme .::1. The other 
process ~s one of the retention of the sand where it is covered by vegeta-
tion, while the surrounJing sand, is carried away. As the mound is 
isolated, the vegetation extends down the sides and covers the slopes. 
In the second case cited, the mound is more likely to be undermined, 
for the stems do not so thoroughly permeate the mound as when it has 
been built up around them. Most of the mounds are probably the result 
of a combination of the two processes. 
Relation of Bluff Borde1· Dune 4roos to the Lo·wla.nds.-As seen by an 
inspection o·f the maps, bluff border dune areas occur to the east and 
south of the great valleys, while to the north and west they are absentr 
The prominence of the bluff bOTder dune area usually varies with the 
width of the valley to the west and nort~west. These relations have a 
significance, and there can be no doubt that the material of the bluff 
·dunes was obtained from the valley flats, a~d .carried out 1}.-pon the edge 
of the upland by the westerly winds. We have illustrations of this 
process now going on at variou places· in the region. At the northwest 
corner of the Garden Plain upland, for example, the sand dune area of 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. 20. 
A. Sand ripples. Windward slope to the right. 
B. Mound of sand, restrained from shifting by vegetation, three miles east 
of Cordova. 
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the valley flat passes by a gradual rise into the bluff border area (Pl. 
17, B), and the sand is now being shifted up the slope and over the 
crest of the bluff, out on to the upland. 
Direction of Dune Migmtion.-The upland dune areas are in regions 
of very sandy drift, and the material was gathered together from- the 
immediate locality in which they occur. These areas have a general 
east-west direction, and are advancing to the east. The bluff border 
areas often have ridge-like extensions to the east or southeast, and in 
all the areas where sand is now shifting the general advance appears to 
he in the same direction. All these facts and many others show that the 
winds which ~e most important in the formation of the dunes, are 
the prevailing west and northwest winds. 
In this connection it should be noted that the direction of the longer 
axes of the paha. (p. 43), is identical with the direction of advance of 
the dune areas, and also that the paha consists largely of loess and 
fine sand which is often being shifted along to the east-southeast, and in-
creasing the length of the paha ridges. ] rom this it appears probable 
that the prevailing winds have aided in the development of the paha, 
and possibly the loess and sand of the paha-like ridges may have been 
deposited by the wind. Probably most of the paha have nuclei of glacial 
drift, coated with, and lengthened by eolian deposits. 
Time of Fm·n1{ltion.-The time immediately following the filling of 
the main valley during the \iVisconsin glacial epoch, was probably the 
time of greatest dune deYelopment, for then vegetation had not become 
firmly fixed upon the new sand surface of the low lands, and the soil 
was not present. As vegetation increased and a soil was developed, the 
wind became less effective. Dunes were also formed before the Wis-
consin glacial epoch. Since the \Viscon~in glacial epoch, dune formation 
has probably been consbmtly going on locally. 
-G G 
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CHAPTER VII. 
POST-GLACIAL CHANGES. 
The chief effective process in this region since the glacial period has 
been erosion~ although locally some deposition has taken place. 
EROSION. 
EROSION OF THE UPLANDS. 
\Vhen an ice-sheet withdrew from the region, erosion began on the 
new drift surface which it left, and unless this same area was covered 
again by a later ice-sheet, this erosion has continued uninterrupted to the 
present time. The area of exposed Kansan drift has been eroJed continu-
ously since the Kansan glacial epoch, the exposed Il1inoian drift since 
the Illinoian glacial epoch, and the Iowan drift since the Iowan epoch. 
The erosion of the unglaciated aera. was not interrupted by the glacial 
perioJ. All the upland of this region has suffered continuous erosion 
since the close of the Iowan· glacial epoch. The erosion of post-glacial 
time cannot be separated from that which occurred during the inter-
glacjal epochs, but the larger part of the erosion which the Kansan 
and Illinoian drifts have suffered was accomplished before. the close 
of the Iowan glacial epoch, for the surface had its present topography, 
essentially, when the loess was deposited. 
Erosion of the drift c:overed upland has made many new valle~·' anc1 
cleared out some old ones. If a pre-glacial valley was not completely 
filled by drift, it commonly became the course of a stream after the 
retreat of the ice, and such valleys were sometimes cleared of their drift. 
1\!J:any of the secondary valleys of this region, as those of Duck creek, 
1\!J:ill creek, Elk river, Plum river, etc., are wholly or in part of this 
class. 
The remo.val of part of the filling deposited during the Wisconsin 
glacial epoch in the lower courses of some of the side valley , left the 
remajnder as terraces, as described on page 50. 
CLEARING OUT OF THE GREAT VALLEYS. 
In the discussion of draina.ge changes (Chap. V) the history · of the 
great valleys was traced to the \Visconsin glacial epoch, when they were 
fille~. to the level of the second bottoms, ana an alluvial plain extended 
from bluff to bluff. 
STATE GEOLOGICAL SURVEY. BULL. NO. 13, PL. '.'1. 
A . Gullies, showing erosion on cultivated loess covered slopes. 
B. A grass covered slope without gullies. 
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vVhen the Wisconsin ice-sheet melted away from the head waters of 
the Mississippi and Rock rivers, these streams, no longer loaded with 
sand and gTavel, began to cut into the plains which they had developed. 
At fir t these streams may have had many channels, that is they may 
have been braided rivers, but gradually those more favorably located 
became the main ones. Above Clinton, the most direct course of the 
Mississippi was along the Io·wa bluff, and this course finally acquired 
all the drainage of the valley. This course passes to th~ west of the 
hill upon which Fulton is located. The course to the ea.st of the Fulton 
island has been kept open however, and is yet followed by some of the 
flood waters. The strip of lowland bordering the Illinois bluff from 
Plum riv€r . outh, through Idens and Dyson lakes, was followed for a 
considerable time, and was lowered 10 to 15 feet below the terrace to 
the west. Cattail channel must haYe been followed, at leasj; by flood 
waters, for some time, for the level of the· sand filling below the peat 
is very little above the present level of the Mississippi. 
At the head of the Cordova fiats just below Albany, the waters of the 
Mississippi may have been divided at the time of the maximum valley 
filling, part going down the Meredosia-Rock river course, and part by 
the way of the present Mississippi through the Narrows. These courses 
seem to have been quite evenly balanced; and possibly the Mississippi 
was divided between them until very recently, or it may have flowed 
alternately through the two. The course by the Narrows now carries 
all the water of the Mississippi. It is much shorter, and probably the 
narrowness of the channel aided the stream in clearing it out. The 
Meredosia course is very little higher than the level of the Mississippi, 
and until dams were placed across its ends, the flood waters of the 
Mississippi pass~d down it to Ro~k river, or if Rock river was the higher, 
its waters passed north through the Meredosia valley to the Mississippi 
at Albany. The Rock River valley is well cleared of glacial drift and 
has apparently held a much larger stream than the present river. Its 
bluffs are abrupt, and bear evidence of considerable post-glacial erosion. 
Both the Narrows and .the Meredosia-Rock river courses lead ·over an 
alluvial filling in their upper part, and then over a rock bottom below 
Hillsdale and. Leclaire. Pleasant Valley was lowered 14 to 20 feet 
below the elev:ation that it must have had at the time of maximum fill-
ing. It was then abandoned in favor of the present course, south of the 
Moline upland. 
The former drainage line southeast from E·rie to the Illinois river 
was apparently not followed by post-glacial drainage, for its elevation 
has not been reduced below the terrace level. A few ill-defined shallow 
channels traverse the sandy region south of Erie, between Rock river- and 
Green river, and probably represent the courses of the last drainage in 
this direction, just after the stage of maximum valley filling. 
The portions of the valley fiats that have been left at or near the level 
of maximum valley filling of the Wisconsin glacial epoch form the ter-
race or second bottoms. Those portions reduced to near the present 
river level from the ftood·plains. These features have been described in 
an earlier part of t~e report (Chap. IV, pp. 46-48) . 
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RAPID ERO ION' OF CULTIYATED LAXD. 
When the land is cultivated the covering of grasses is remo1e<l and 
the surface is subjected to rapid erosion. If the lopes are steep and 
covered with loess they often become so badly cut up by gullies (Pl. 21, 
A) that they cannot be cultivated, but must be seeded to gra s again. 
This checks the erosion, . and the gullied slope become les rugged. 
· Slopes equally steep, but not cultivated, are le ubject to the deYelop-
ment of gullies (Pl. 21, B). The contrast is een by comparing Pls. 
21, A and B, which represent portions of the arne slope about 50 yards 
apart. 
The material derived from the rapid ero ion of cultivated · lands has 
often overloaded the streams and caused them to aggrade the bottoms 
of small valleys (Pl. 22, A). The effect of :l recent rainstorm upon the 
valley bottom is shown in Pl. 22, B. The e mall flat bottom Yalleys 
are common throughout the region. The fiats terminate abruptly 
against the slopes of the valleys, and are quite different from those de-
veloped by the lateral cutting of streams. \Vhen the field drained by 
one of these valleys is seeded to grass again, the fiat may be cut into, 
and the valley deepened. 
DEPO ITIOK. 
The depo its of post-glacial time consist of ( 1) alluvial material de-
posited by streams mostly on the present flood-plains, (2) the depo .. its 
laid down in lakes, ponds, marshes, etc., ( 3) a part of the loess, and 
( 4) most of the wind blown sand. The loe~ s and sand have been con-
sidered in Chap. VI. 
BY STREAMS. 
The stream deposits consist mainly of the alluvium which covers and 
' underlies the flood-plains of the great valley . Common thicknesses 
are 3 to 5 feet, but in .some places there is as much as 15 feet. It con-
ists of black mud, mixed with more ·or le s sand. Flood-plain depo its 
occur also in many of the smaller valleys of the region . 
.._~lluvial deposits are now being formed at the edge of the lowlands 
of the great valleys, especially where side va1leys open out upon the 
flat. In the upper pa.rt of these side valleys, the gradient is relatively 
high, and the velocity of the stream allows it to carry a large load of 
sediment. \Vhen the water reaches the lower gradient of tbe valley near 
it , IJlOuth, and of the lowland plain of the main vallev beyonrl, the le-
locity of the stream is decreased, and part of the load is depo ited. The 
volume of the stream also may be decreased, especially in dry weather, 
by the sinking of part of the water into the sandy alluvial deposits. 
This still further decreases the carrying power of the stream and so 
favors deposition. 
So long as the stream ]s held between \alley walln? the bottom !s 
built up more or less evenly and an aggraded plain i developed from 
bank to bank. At the mouth of the tributar~' valley, the stream may 
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A. Flat valley bottom aggraded by the wash from the cultivated fields above. 
B. Valley bottom covered by slit deposited from flood waters. 
CARMAN] POST-GLACIAL CHANGES. 85 
es.cape laterally, and at successive stages it flows by various courses 
which diverge from each other like the rays of a fan. In this way a fan 
shaped alluvial deposit (alluvial fan) is formed, thickest at the point, 
and thinning radially toward its semicircular edge. A small alluvial 
fan or cone is shown in Pl. 23 . The radial markings on the surface 
sl?-ow the courses followed by the wa.ter at various times. Small alluvial 
fans like the one shown in this :fig11re may have slopes as great as 10° 
to 15 o; but the fans at the mouths of the side valleys commonly have 
very low slopes. Some of them extend out on the flat more than a 
quartBr of a mile. 
The following examples will illustrate the features of the alluvial 
fans at the mouths of the side valleys. About 5 miles north of Savanna 
in the S. E. 1,4 of Sec. 17, ·washington township, a small creek comes 
down through the bluff from the northeast, and joins Rush creek on 
the flood-plain near the base of the bluff. In the lower course of this 
valley, considerable :filling has recently taken place. The flood waters 
of the gully coming down -from the steeper gradient to the east, and 
loaded with :fine sand, drop their material when they reach the gentle 
gradient near the mouth of the gully. The valley floor is being built 
up by the deposits, and at the end of the gully a broad fan-shaped 
plain of fresh alluvial material extends out a short distance ov.er the 
flood-plain of the Mississippi. A bridge on the bluff road, which crosse::; 
the stream near its mouth, is only about a. foot above the surface. The 
approaches to the bridge are almost buried, and trees near by are 
buried up to their :first branches. A ravine cutting the bluff nea.r the 
south line of Sec. 29, Mt. Carroll to~nship, Carroll county, has ag-
graded its floor in its lower course, and the stream has extended its 
a:p_d plain 60 to 80 rods out on the Mississippi flat. Where the bluff 
road crosses the stream, a bridge has been buried, and a second bridge, 
built well above the :first, is now only a. few feet above the surface. The 
sand plain extending over the flat of the Mississippi has ruined many 
::teres of valuable farm land, and is no·w extending into Dyson swamp. 
Similar examples are found at the mouths of several other ravines be-
tween this one and Johnson creek. and at various other places within 
the area. The conditions are especially favorable along the east bluff>3 
of the Mississippi, for the ravines come down the upland through the 
bluff bordeF dune areas, which furniElh an abundant supply of fine sand. 
I :r LAKES~ PONDS~ MARSHES~ ET'C. 
The deposits put down in ponds and marshes ·consist of sediment 
carried in by running water, and accumulations_ of vegetable matter 
which grow in the marshes or around the edge of the pond . The secli-
ments are sand and silt of such nature as may be derived from the area 
drained. 
The only considerable area of marsh and lake deposits on the upland 
of this region are on the Iowan drift of southern Clinton county. Here 
a fevv ponds and small areas of marsh land occur, in which some sedi-
mentation has taken place and some vegetable matter has accumulated. 
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On the lowlands of the Mississippi and other large valleys, areas of 
deposition in swamps and marshes are more common. The long strip 
of marsh land extending along the Illinois bluff through York and Mt. 
Carroll townships, Carroll county, is receiving considerable sediment 
from the streams which flow into it from the east, and the east margin 
of the marsh is being gradually pushed back by this :filling. 
Many areas of the lowlands which were formerly swampy have been 
drained recently, and the sides of the 4itches expose the underlying ma-
terial. Such exposures occur in the Meredosia and Cattail sloughs, 
and on the lowland northwest of Erie. The material is a black muckv 
deposit and from this grades into a peaty material where the vegetabl~ 
matter is most abundant. 
Peat in quantity underlies the Cattail slough (Pl. I). It is thicke~t 
on .the divide ·between the creeks flowing to the north. and to the south. 
Here, in the S. 1j2 of ~ec. 29, Union Grove township, it attains a thick-
ness of 25 to 30 feet. It thins in either direction and disappears be-
fore the ends of the va.lley are reached. In Sec. 7, 3 miles north of the 
divide the· peat is about 12 feet thick. 
Below the peat there is :fj.ne sand, the surface of which is almost level 
for the entire length of the channel, or perhaps has a slight slope to the 
south. Its elevation is about that of the flood waters in the Mississippi 
river ( 585 feet). When the flood waters of the Mississippi ceased to 
pass down the Cattail valley, this strip of lowland became a marsh and 
vegetable matter began to accumulate. The ma.rsh conditions were 
best where the drainage was poorest, and where there was least erosion, 
and so the present deposit was built up, thickest on the low divide, and 
thinning in either direction. 
The peat of the Cattail valley is a sphagnum moss peat, with a few 
stems of grasses. The moss is now growing in only a few places near 
the divide. 
Some of the surface of the Cattail valley has been drained, and the 
peaty soil is very successfully used for truck gardening. In Sec. 7, 
Union Grove township, about 200 tons of peat are taken out annually 
to be used a.s one of the ingredients of a stock food, manufactured at 
Lyons, Iowa, The peat is not at present used as fuel, but at some fu-
ture time, when other fuels are less abundant than now, the peat of 
Cattail slough may be valuable for' this purpose . . 
Everywhere throughout the region more or less vegetable matter haR 
been mixed with the soils, giving them their dark color. On slopes 
where erosion is rapid, very little humus accumulates and the surface 
material is usually yellowish clay. On the more even surfaces, dark 
colored soils usually extend to a depth of several feet. The nature of 
the soil depends upon the superficial deposit and the amount of humus 
material. On the lowlands where the superficial deposit is sand, a 
sandy black soil is usually present. On the upland back from the bluff 
the soil usually ranges from a yellow clay to a black loam but areas of 
sandy soil occur. 
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An alluvial fan at the sand pit of the C. & N. W . Ry. Co.', near Elk River 
.Junction. The radial markings on the surface show the courses followed by 
the water. 
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